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RCA CMOS Integrated Circuits 


This DATABOOK contains complete technical in- 
formation on RCA standard commercial CMOS 
integrated circuits. It covers the full line of RCA 
standard A- and B-series digital logic circuits, and 
special-function circuits (telecommunications and 
special interface and display-driver circuits). 


The DATABOOK is divided into eight major sections. 
The first section includes a complete index of types, 
classification and selection charts, functional dia- 
grams, and photographs of available package op- 
tions. This section is followed by a discussion of 
general considerations that should be taken into 
account in the operation and application of CMOS 
integrated circuits. 


Three separate data sections provide definitive 
ratings and characteristics for (1) high-voltage B- 
series types, (2) A-series types, (3) special-function 
types. 

Data pages for individual devices are included as 
nearly as possible in alphanumerical sequence of 
type numbers. Because some devices are grouped 
together to show similarity of function or data, 
individual type numbers may be out of sequence. If 
you don't find the type number you’re looking for 
where you expect it to be, check the Index to 
Devices. 


Next, a high-reliability CMOS IC’s section describes 
the extensive line of RCA high-reliability integrated 
circuits that are processed and screened in accord- 
ance with military, RCA, or special custom speci- 
fications to meet the needs of modern military, 
aerospace, and critical industrial and scientific 
applications. 

The DATABOOK also includes Dimensional Out- 
lines, Application Notes, and RCA Sales Offices, 
Manufacturers’ Representatives, and Authorized 
Distributors. 
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Product Classification Chart 


Buffers & Multi- Decoders/ Schmitt 
NOR/NAND OR/AND | Inverters function/AOl Encoders Trigger 


———— 


Single-Level 


GATES _ 


Multi-Level 


___MULTIVIBRATORS 
Flip-Flops/Latches 


CD4000B CD4012B_ | CD4071B | CD4007UB CD4019B CD40288 CD40938 CD4013B | CD4096B 
CD4000UB_ | CD4012UB | CD4072B | CD4007A CD4019A CD4028A CD40106B CD4013A | CD4099B** 
CD4000A CD4012A | CD4073B | CD4009UB CD40308 « CD4514B CD4027B | CD4508B 
CD4001B CD4023B | CD4075B | CD4009A CD4030A ® CD4515B CD4027A | CN4724B"* 
CD4001UB_ | CD4023UB | CD4081B | CD4010B CD4037A CD4532B CD4042B | CD40174B 
CD4001A CD4023A | CD4082B | CD4010A CD4048B CD4555B* CD4042A |_ CD40175B 
CD4002B CD4025B CD4041UB CD4048A CD4556B" CD4043B | Astabie/ 
CD4002UB_ | CD4025UB CD4041A CD4070Be CD40147B CD4043A | Mono- 
CD4002A CD4025A CD4049UB CD4077Bs CD4044B | stable 
CD4011B CD4068B CD4049A CD4085B CD4044A | CD4047B 
CD4011UB_ | CD4078B CD4050B CD4086B CD4076B**| CD4047A 
CD4011A CD40107B CD4050A CD4095B 
CD4069UB nee 
CD4502B #See *See **See 
CD4503B Comparators Deiiultiplexers Storage stable 
CD40107B Registers | CD4098B 
CD4538B 
MULTIPLEXERS/ | PHASE- | QUAD INTER- 
joanne Pun tEne DEMULTIPLEXERS| LOCKED) BILATERAL | FACE 
FIFO Binary Analog/Digital woe | SRenES | eneone 
Storage Buffer Ripple Synchronous Data Selectors 
CD4006B cp4076BT | CD40105B| CD4020B CD4017B Cp4016B A CD4046B | CD4016B@ | CD4009UB 
CD4006A CD4099B CD4020A CD4017A CD4016A A CD4046A | CD4016A@ | CD4009A 
CD4014B CD4724B CD4024B CD4018B CD4019B CD4066B @ | CD4010B 
CD4014A CD40108Be CD4024A CD4018A CD4019A CD4066A @ | CD4010A 
CD4015B CD40174B CD4040B CD4022B CD4051B | CD4049UB 
CD4015A CD40175B CD4040A CD4022A CD40528 CD4049A 
CD4021B CD40208Be CD4060B CD4029B CD4053B CD4050B 
CD4021A CD4060A CD4029A CD4066B A CD4050A 
CD4031B CD4059A CD4066A A CD4054B 
CD4031A « CD4510B CD4067B CD40107B 
CD4034B e TIMERS CD4516B CD4097B CD40109B 
CD4034A | TIMERS | CD4518B CD4512B CD40115V 
CD4035B epatacs CD4520B CD4555B @ CD40116 V 
CD4035A CD40102B CD4556B @ CD40117B VY 
CD4062A Tae — CD40103B CD40257B 
Flip/Flops CD4536B A/D Converters 
CD4094B CD4541B CD40160B ! eas 
CD4517B CD40161B CA3300 VY 
CD40100B_ | eSee CD40162B ASee @See @ See CA3308 V 
CD40104B Multiport CD401638 Quad Decoders/ Multiplexers 
CD40194B Register CD40192B Bilateral Encoders 
CD40193B Switch 
ARITHMETIC CIRCUITS DISPLAY DRIVERS TELECOMMUNICATION 
Parity For For _ CIRCUITS 
Adders/ ALU/Rate /|Generator/| Muitiport LCD* LEDee | Crosspoint | Tone 
Comparators| Multipliers | Checker Register With Counter Drive Drive Switches Generator 
Cp4008B CD4057A CD40101B |CD40108B* | CD4026B CD4054B CD4511B | CD22100 V7 CD22859 V 
CD4008A CD4089B CD40208B* | CD4026A CD4055B CD22101 V 
CD4030B CD4527B CD4034B* | CD4033B CD4056B Cp22102 V_ | Timer/Driver 
CD4030A CD40181B CD4034A* | CD4033A CD4543B PCM Line = 
CD4032B CD40182B CD40110B CD22104 V Ransalcr CD22401 
CD4032A CD22104A V PCM Data 
CD4038B CD22105 V CD22301V Filters 
CD4038A CD22105A V HDB3 CpD22413V 
peklpiband Transcoder | cp22414V 
CD4070B + + See “See “Liquid eeLight 
CD4077B + Multifunc- Storage Crystal Emitting | CD22103V 
CD4585B tion/AOI Register Display Diode 


V Indicates types designed for special applications. Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types. Refer to data pages on these types for specific differences. 


Function Selection Chart 


No. of 
Function Type No. Pins 


Gates 


NOR/NAND 
Dual 4-input NOR 


Dual 4-input NAND 


Triple 3-input NOR 


Triple 3-input NAND 


Quad 2-input NOR 


Quad-2 input NAND 


8-input NOR/OR 
8-inpbut NAND/AND 
Dual 3-input NOR plus inverter 


Dual 2-input NAND buffer/driver 


OR/AND 

Dual 4-input OR 
Dual 4-input AND 
Triple 3-input OR 
Triple 3-input AND 
Quad 2-input OR 
Quad 2-input AND 


Buffers and Inverters 
Dual complementary pair plus 
inverter 


Hex inverter 

Hex inverter/ buffer (3-state) 

Hex buffer (3-state non-inverting) 
Hex buffer/converter (inverting) 


Hex buffer/converter (inverting) 


Hex buffer/converter (non-inverting) 


Hex buffer/converter (non-inverting) 


Quad true/complement buffer 


Dual 2-input NAND buffer/driver 


Multifunction/AOl 
Triple AND-OR bi-phase pairs 
Quad exclusive-OR 


Quad exclusive-OR 
Quad exclusive-NOR 


¥ indicates types designed for special applications. Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types. Refer to data pages on these types for specific differences. 


CD4002B 
CD4002UB 
CD4002A 
CD4012B 
CD4012UB 
CD4012A 
CD4025B 
CD4025UB 
CD4025A 
CD4023B 
CD4023UB 
CD4023A 
CD4001B 
CD4001UB 
CD4001A 
CD4011B 
CD4011UB 
CD4011A 
CD4078B 
CD4068B 
CD4000B 
CD4000UB 
CD4000A 
CD40107B 


CD4072B 
CD4082B 
CD4075B 
CD4073B 
CD4071B 
CD4081B 


CD4007UB 
CD4007A 
CD4069UB 
CD4502B 
CD4503B 
CD4009UB 
CD4009A 
CD4049UB 
CD4049A 
CD4010B 
CD4010A 
CD4050B 
CD4050A 
CD4041UB 
CD4041A 
CD40107B 


CD4037A 
CD4030B 
CD4030A 
CD4070B 
CD4077B 


Gates (cont'd) 
Multifunction/AOI (cont'd) 
Quad AND/OR Select 


Dual 2-wide, 2-input AND/OR 
invert (AOl) 

Expandable 4-wide, 2-input 
AND/OR invert (AOI) 

Multifunctional expandable 8-input 
(3state Output) 


Decoders/Encoders 
BCD-to-decimal decoder 


8-input priority encoder 

10-line to 4-line 
BCD priority encoder 

4-bit latch/4-to-16 line decoder 
(Outputs high) 

4-bit latch/4-to-16 line decoder 
(Outputs low) 

Dual 1-of-4 decoder/demultiplexer 
(Outputs high) 

Dual 1-of-4 decoder/demultiplexer 
(Outputs low) 


Schmitt Trigger 
Quad 2-input NAND 
Hex 


Interface 


Quad low-to-high voltage 
Hex high-to-low voltage (inverting) 


Hex high-to-low voltage (non- 
inverting) 


Dual 2-input NAND buffer/driver 
8-bit bidirectional CMOS-to-TTL 
level converter 
8-bit bidirectional CMOS-to-TTL 
level converter 
Programmable dual 
4-bit terminator 
A/D Converters 
Video-speed 6-bit 
flash A/D converter 
Video-speed 8-bit 
flash A/D converter 


Multivibrators 
Monostable/astable 


Dual monostable 
Dual precision monostable 


CD4019B 
CD4019A 


CD4085B 
CD4086B 


CD4048B 
CD4048A 


CD4028B 
CD4028A 
CD4532B 


CD40147B 
CD4514B 
CD4515B 
CD4555B 


CD4556B 


CD4093B 
CD40106B 


CD40109B 
CD4009UB 
CD4009A 
CD4049UB 
CD4049A 
CD4010B 
CD4010A 
CD4050B 
CD4050A 
CD40107B 


CD40115 V7 
CD40116 V 


CD40117B” 


CA3300 
CA3308 


CD4047B 
CD4047A 
CD4098B 
CD4538B 


Function Selection Chart 


Function 


Multivibrators (cont'd) 
Flip-Flops 
Dual “D" with set/reset capability 


Dual ‘“J-K" with set/reset capability 


Gated “J-K" (non-inverting) 

Gated “J-K" (inverting and non- 
inverting) 

Hex “D” 

4-bit “D” with 3-state outputs 

Quad “D” 


Latches 
Quad clocked ‘'D” 


Quad NOR R/S (3-state outputs) 
Quad NAND R/S (3-state outputs) 


Dual 4-bit 
8-bit addressable 


Registers 


Shift Registers-Static 
Dual 4-stage with serial input/ 
parallel output 


18-stage 
64-stage 


Dual 64-bit 
8-stage with synchronous parallel 
or serial input/serial output 


8-stage with asynchronous parallel 
input or synchronous serial 
input/serial Output 


4-stage parallel-in/parallel-out with 
J-K input and true/complement 
Output 


4-bit universal bidirectional 
with 3-state outputs 
4-bit universal bidirectional 
with asynchronous master reset 
8-stage bidirectional parallel or 
serial input/parallel output 


32-bit left/right 

8-stage shift-and-store bus 

Shift Registers-Dynamic 
200-stage 

Storage Registers 

8-bit addressable latch 


-bit ‘D-type with 3-state outputs 
X 4 Multiport 
X 4 Multiport 


No. of 
Type No. Type No. Pins 


CD4013B 
CD4013A 
CD4027B 
CD4027A 
CD4095B 


CD4096B 
CD40174B 
CD4076B 
CD40175B 


CD4042B 
CD4042A 
CD4043B 
CD4043A 
CD4044B 
CD4044A 
CD4508B 
CD4099B 
CD4724B 


CD4015B 
CD4015A 
CD4006B 
CD4006A 
CD4031B 
CD4031A 
CD4517B 


CD4014B 
CD4014A 


CD4021B 
CD4021A 


CD4035B 
CD4035A 


CD40104B 
CD40194B 


CD4034B 
CD4034A 
CD40100B 
CD4094B 


CD4062A 


CD4099B 
CD4724B 
CD4076B 
CD40108B 
CD40208B 


CD40105B 


Counters 
Binary Ripple 
7-stage 


12-stage 


14-stage 


14-stage counter/divider and 
oscillator 


Timers 
21-stage 


Programmable 


Synchronous 
Decade counter/divider plus 10 
decoded decimal! outputs 


Divide-by-8 counter/divider with 
8 decimal outputs 


Presettable divide-by-"N’ counter, 
fixed or programmable 


Programmable-divide-by-"'N” 
counter 

Presettable up/down counter, 
binary or BCD-decade 


Presettable 4-bit BCD up/down 
counter 

Presettable 4-bit binary up/down 
counter 

Presettable 2-decade BCD down 
counter 

Presettable 8-bit binary down 
counter 

Presettable 4-bit BCD up/down 
counter 

Presettable 4-bit binary up/down 
counter 

Dual BCD up counter 

Dual binary up counter 


CD4024B 
CD4024A 
CD4040B 
CD4040A 
CD4020B 
CD4020A 


CD4060B 
CD4060A 


CD4045B 
CD4045A 
CD4536B 
CD4541B 


CD4017B 
CD4017A 


CD4022B 
CD4022A 


CD4018B 
CD4018A 


CD4059A 


CD4029B 
CD4029A 


CD4510B 
CD4516B 
CD40102B 
CD40103B 
CD40192B 
CD40193B 


CD4518B 
CD4520B 


Decade counter/asynchronous clear CD40160B 


Binary counter/asynchronous clear 
Decade counter/synchronous clear 
Binary counter/synchronous clear 


Display Drivers 


With Counter 

Decade counter/divider with 7- 
segment display outputs and 
display enable 


Decade counter/divider with 7- 
segment display outputs and 
ripple blanking 


Up/Down Counter-Latch- 
Decoder-Driver 


CD40161B 
CD40162B 
CD40163B 


CD4026B 
CD4026A 


CD4033B 
CD4033A 


CD40710B 


16 
16 


16 
16 


Function 


Display Drivers (cont'd) 
For Liquid-Crystal-Display Drive 


. . Quad exclusive-OR gate CD4030B 14 
4-segment display driver CD4054B 16 CD4030A 14 
BCD-to-7-segment decoder /driver Quad exclusive-OR gate CD4070B 14 
with “display-frequency” output CD4055B 16 Quad exclusive-NOR gate CD4077B 14 
BCD -to-7-segment decoder /driver . 
with strobed-latch function CD4056B 16 sorter bccn ien 
| CD4543B 16 4-bit arithmetic logic unit CD40181B 24 
4-digit decoder/driver with CD4057A 28 
hexidecimal display CD22104V 40 BCD rate multiplier CD4527B 16 
4-digit decoder/driver with Binary rate multiplier CD4089B 16 
decimal display CD22104A V 40 Look-ahead-carry block CD40182B 16 
4-digit decoder/driver with Parity Generator/Checker 
hexidecimal display CD22105 V 40 9-bit CD40101B 14 
4-digit decoder/driver with 
decimal display CD22105A V 40 i a Register Aoantiee Gh 
For Light-Emitting-Diode Drive 4X 4 CD40208B 24 
BCD-to-7-segment latch decoder/ 
driver CD4511B 16 4 po inaae a] 
Analog For transmission or multiplexing of CD4016B 14 
Triple 2-channel CD4053B 16 analog or digital signals CD4016A 14 
Differential 4-channel CD4052B 16 CD4066B 14 
Single 8-channel CD4051B 16 CD4066A 14 
Differential 8-channel CD4097B 24 . 
Single 16-channel CD4067B 24 Telecommunication Circuits 
Quad bilateral switch CD4016B 14 Crosspoint Switches 
CD4016A 14 4 X 4 crosspoint switch with 
Quad bilateral switch CD4066B 14 control memory CD22100 V 16 
CD4066A 14 4 X 4 X 2 crosspoint switch with 
Digital (Data Selectors) control memory CD22101 V 24 
Quad AND/OR select CD4019B 16 AXAX2 crosspoint switch with 
| CD4019A 16 control memory CD22102V 24 
Dual 1-of-4 decoder /demultiplexer 
(outputs high) CD4555B 16 HDB3 Transcoder 
Dual 1-of-4 decoder/demultiplexer HDB3 transcoder for 
(Outputs low) CD4556B 16 2.048/8.448 Mb/s transmission 
Quad 2-line-to-1-line CD40257B 16 applications CD22103 % 16 
8-channel CD4512B 16 a 
Phase-Locked Loo phos ited v 
Miersenwer Pp CD4046B 16 PCM line repeater CD22301 18 
CD4046A 16 
; , ‘ ‘ Timer/Driver 
Arithmetic Circuits 16-channel precision 
Adders/Comparators timer/driver Cp22401" 
4-bit full adder with parallel carry 
out CD4008B 16 PCM Data Filters 
CD4008A 16 Pulse code modulation - 
Triple serial adder, positive logic  CD4032B 16 sampled-data filters pda 16 
CD4032A 16 CD22414 16 
Triple serial adder, negative logic CD4038B 16 Giese sei eaucney 
CD4038A 16 
4-bit magnitude comparator CD4063B 16 SORE GEnetaver al i 


CD4585B 


Function Selection Chart 


No. of 


Arithmetic Circuits (Cont'd) 
Adders/Comparators 


Vv 
Indicates types designed for special applications. Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types. Refer to data pages on these types for specific differences. 


CMOS LSI Products 


In addition to the logic and special-function integrated 
circuits listed in the preceding pages, RCA offers an all- 
CMOS line of microprocessor, memory and peripheral 
integrated circuits. 


The RCA CDP 1800 series offers the most complete line 
of CMOS microprocessor and associated memory and 
peripheral devices in the industry. In addition to 
microprocessors and microcomputers, this product line 
includes a hardware multiply/divide unit (MDU), a 
programmable I/O, video and keyboard interface circuits, 
latches and decoders, a universal asynchronous receiver- 
transmitter (UART), buffers, separators, and a broad 
complement of directly interfaceable random-access 
memories (RAM’s) and read-only memories (ROM’s), 


RCA also offers the CDP6800 family, a new series of 
pin-for-pin replacements for the MC146805 Series of 
CMOS microprocessors and peripherals primarily in- 
tended for single-chip system applications. 


In addition to the memories designed to interface directly 
with CDP1800-series microprocessors, RCA also offers a 
line of general-purpose memories. 


For descriptive information on RCA microprocessor and 
memory circuits, refer to the RCA “CMOS-LSI” DATA- 
BOOK, SSD-260A. 


For the designers of microprocessor-based equipment 
and in support of the CDP1800-series microprocessors 
and associated memory and peripheral circuits, RCA 
provides a strong and extensive line of systems, system 
support components, system support software, system 
modules (including Microboard milliwatt computer 
systems), and other development aids. 


The RCA Microsystems DATABOOK SSD-270 provides 
detailed information on RCA Microprocessor-based 
development systems and Microboard computer modules. 


CMOS LSI Products 
Part No. 


Microprocessors 

CDP1802A_8-Bit 

CDP1802B_—s8-Bit 

CDP1805C_8-Bit with RAM 

CDPI80SAC 8-Bit with RAM 

CDP1806C = 8-Bit with Counter-Timer 

CDP1806AC 8-Bit with Counter-Timer 

CDP6805E2 8-Bit with RAM/I-O/Counter- 
Timer 


No. of Pins | Part No. 
ROMs 


CDM5332 


Description Description No. of Pins 


Mask-programmable ROM 
312%5 
Mask-programmable ROM 
512 x 8 
CDM53128 Mask-programmable ROM 
16K x 8 
CDM53256 Mask-programmable ROM 
32K x 8 
Mask-programmable ROM 
512x8 
Mask-programmable ROM 
512 x 8 
Mask-programmable ROM 
IK x 8 
CDP1833B Mask-programmable ROM 
IK x 8 
Mask-programmable ROM 
IK x 8 
Mask-programmable ROM 
2K x 8 
Mask-programmable ROM 
4K x8 
Mask-programmable ROM 
2K x 8 
Input/Output Circuits 
CDP1851 Programmable I/O (PIO) 
CDP1852 Byte I/O - 8-Bit I/O Port 
CDP 1853 Decoder - | of 8 
CDP 1855 Multiply/ Divide Unit (MDU) 
CDP1856 Buffer - 4-Bit 
CDP1857 Buffer - 4-Bit 
CDP1858 Latch/ Decoder - 4-Bit 
CDP1859 Latch/ Decoder - 4-Bit 


CDM5333 


Microcomputers CDP 1831 
CDP1804A = 8-Bit with RAM/ ROM / Counter- 
Timer 

8-Bit with RAM/ROM_/I-O/ 
Counter-Timer 

8-Bit with RAM/ROM_/I-O/ 
Counter-Timer 


CDPI832 
CDP6805F2 
CDP 1833 
CDP6805G2 


RAMs 
CDP1821 
CDP 1822 
CDP 1823 
CDP 1824 
CDP 1826 
CDM6116 
CDM6117 
CDM6118 


MWSS101 
MWSSIOIA 
MWSS114 


CD4036A 
CD4039A 
CD4061A 
CD40061A 
CD40114B 


IKx CDP 1834 


256 x 4 
128 x 8 
32x 8 
64x 8 
2K x 8 
2K x 8 
2K x 8 


256 x 4 
256x4 
IK x4 


4x8 
4x8 
256 x | 
256 x | 
16x 4 


CDP 1835 


CDP 1837 


CDP65516 
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CMOS LSI Products (Cont’d) 


Part No. Description No. of Pins | Part No. Description No. of Pins 


CDP1861 Video Display Controller (VDC) 24 CDP1874 High-Speed Input Port - 8-Bit 22 
CDP 1862 Color Generator Circuit 24 CDP 1875 High-Speed Output Port 22 
CDP 1863 Programmable Frequency CDP 1876 Video Interface System (VIS) 40 
Generator 16 CDP1877 Programmable Interrupt 
CDP 1864 PAL Video Display Controller Controller 28 
(VDC) 40 CDP1878 Dual Counter-Timer 28 
CDP1866 Latch/ Decoder - 4-Bit 18 CDP1879 Real Time Clock 24 
CDP 1867 Latch/ Decoder - 4-Bit 18 CDP1881 Latch/ Decoder - 4-Bit 20 
CDP 1868 Latch/ Decoder - 4-Bit 18 CDP 1882 Latch/ Decoder - 4-Bit 18 
CDP 1869 Video Interface System (VIS) 40 CDP6818 Real Time Clock with RAM 24 
CDP1870 Video Interface System (VIS) 40 CDP6823 Parallel Interface 40 
CDPI1871A Keyboard Encoder, ASCII/ Hex 40 UARTs 
CDP1872 High-Speed Input Port - 8-Bit 22 CDP1854A UART 40 
CDP1873 = High-Speed Decoder - | of 8 16 CDP6402 Industry Standard UART 


11 


The QMOS Product Line 


RCA also offers the QMOS series of high-speed CMOS e Direct LSTTL Input Logic Level Compatibility 

logic integrated circuits which include an extensive line of as well as CMOS Input Compatibility — 

products that are pin compatible with many existing CD74/54HCT Family 

bipolar 54/74LSTTL and CMOS 4000 series of digital (Can replace LSTTL or be mixed with LSTTL IC’s.) 
logic types. The new QMOS IC’s provide high-speed Vit = 0.8 V max., VjH = 2 V min. 


12 


Nit = 20% of Supply, NjH = 30% of Supply 


QMOS Products 


Plastic Pkg. 


CD74HCOOE CD54HCOOF CD74HCTOOE CD54HC TOOF Quad 2-input NAND Gate 
CD74HCO2E CD54HCO02F CD74HCTO2E CD54HC T02F Quad 2-Input NOR Gate 
CD74HC04E CD54HCO04F CD74HCT04E CD54HCTO4F Hex Inverter/Buffer 
CD74HCO8E CD54HCO8F CD74HCTO8E CD54HCTO8F Quad 2-Input AND Gate 


CD74HC10E 


CD74HC11E CD54HC11F CD74HCTI11E CD54HCT11F Triple 3-Input AND Gate 
CD74HC14E CD54HC14F CD74HCT14E CD54HCT14F Hex Schmitt Trigger Inverter 
CD74HC20E CD54HC20F CD74HCT20E CDS54HCT20F Dual 4-input NAND Gate 
CD74HC27E CD54HC27F CD74HCT27E CD54HCT27F Triple 3-Input NOR Gate 
CD74HC30E CD54HC30F CD74HCT30E CD54HCT30F 8-!nput NAND Gate 


CD74HC32E CD54HC32F CD74HCT32E CDS54HCT32F Quad 2-Input OR Gate 

CD74HC42E CD54HC42F CD74HCT42E CD54HCT42F BCD-to-Decima! Decoder 

CD74HC73E CD54HC73F CD74HCT73E CD54HCT73F Dual J-K Flip-Flop w/CLEAR 
CD74HC74E CD54HC74F CD74HCT74E CD54HCT74F Dual D Flip-Flop w/PRESET and CLEAR 


CD74HC75E 
CD74HC85E 


CD74HC86E CD54HC86F CD74HCT86E CD54HCT86F Quad 2-Input Exci. OR Gate 
CD74HC107E CD54HC107F CD74HCT107E | CD54HCT107F Dual J-K Flip-Flop w/CLEAR 
CD74HC109E CD54HC109F CD74HCT109E | CD54HCT109F Dual J-K Flip-Flop w/PRESET and CLEAR 


CD74HC112E 


CD74HC123E CD54HC123F CD74HCT123E | CD54HCT123F Dual Retriggerable Monostable Multivibrator 
CD74HC132E CD54HC132F CD74HCT132E | CD54HCT132F Quad 2-Input NAND Schmitt Trigger 
CD74HC138E CD54HC138F CD74HCT138E | CD54HCT138F 3-to-8 Line Decoder 

CD74HC139E CD54HC139F CD74HCT139E | CD54HCT139F Dual 1-of-4 Line Decoder 


CD74HC147E 


CD74HC151E CD54HC151F CD74HCT151E | CD54HCT151F 8-Channel Digital Multiplexer 
CD74HC153E CD54HC153F CD74HCT153E | CD54HCT153F Dual 4-Input Multiplexer 
CD74HC154E CD54HC154F CD74HCT154E | CD54HCT154F 4-to-16-Line Decoder 
CD74HC157E CD54HC157F CD74HCT157E | CD54HCT157F Quad 2-Input Multiplexer 


CD74HC158E 


CD74HC160E CD54HC160F CD74HCT160E | CD54HCT160F BCD Decade Counter, Asynchronous Reset 
CD74HC161E CD54HC161F CD74HCT161E | CD54HCT161F 4-Bit Binary Counter, Asynchronous Reset 
CD74HC162E CD54HC162F CD74HCT162E | CD54HCT162F BCD Decade Counter, Synchronous Reset 
CD74HC163E CD54HC163F ; CD74HCT163E | CD54HCT163F 4-Bit Binary Counter, Synchronous Reset 


CD74HC164E 


CD74HC165E CD54HC165F CD74HCT165E | CD54HCT165F 8-Bit Parallei-to-Serial Shift Register 
CD74HC166E CD54HC166F CD74HCT166E | CD54HCT166F 8-Bit Serial/Parallel In, Serial Out Shift Register 
CD74HC173E CD54HC173F CD74HCT173E | CD54HCT173F Quad D Flip-Flop, 3-State 

CD74HC174E CD54HC174F CD74HCT174E | CD54HCT174F Hex D Flip-Flop w/CLEAR 

CD74HC175E CD54HC175F CD74HCT175E | CD54HCT175F Quad D Flip-Flop w/CLEAR 


CD74HC190E CD54HC190F CD74HCT190E | CD54HCT190F Async. Presettable BCD/Decade Up/Down Counter 
CD74HC191E CD54HC191F CD74HCT191E | CD54HCT191F Presettable Sync. 4-Bit Binary Up/Down Counter 
CD74HC192E CD54HC192F CD74HCT192E | CD54HCT192F Synchronous Decade Up/Down Counter 
CD74HC193E CD54HC193F CD74HCT193E | CD54HCT193F Synchronous Binary Up/Down Counter 


CD74HC194E 


CD54HC10F 


CD54HC75F 
CD54HC85F 


CD54HC112F 


CD54HC147F 


CD54HC158F 


CD54HC164F 


CD54HC194F 


CD74HCT10E 


CD74HCT75E 
CD74HCT85E 


CD74HCT164E 


CD74HCT112E 


CD74HCT147E 


CD74HCT158E 


CD74HCT194E 


CMOS Logic TTL Logic 
[ cerpip | Plastic Pkg. | CERDIP_— 


CD54HCT10F 


CD54HCT75F 
CDS4HCT85F 


CD54HCT112F 


CD54HCT147F 


CD54HCT158F 


CD54HCT164F 


CD54HCT194F 


CMOS replacements for the most popular LSTTL devices e 2 to 6 V Operation — CD74/54HC Family 
in existing designs and also offer low-power all-CMOS e 4.5 to 5.5 V — CD74/54HCT Family 
designs for new digital systems. Key family features of the e Gate Propagation Delay of 8 ns typ., CL=15 pF 
RCA QMOS types include: e Balanced High-to-Low and Low-to-High 
Propagation Delays 
¢ High Noise Immunity for Optimum ¢ Significant Power Reduction Compared to LSTTL 
All-CMOS-System Compatibility — Bipolar Logic IC’s 
CD74/54HC Family e Alternate Sourced 


For descriptive information on the RCA QMOS series, 
refer to the RCA DATABOOK “QMOS High-Speed 
CMOS Logic”, SSD-290. 


Description 


Triple 3-Input NAND Gate 


4-Bit Bistable Latch 
4-Bit Magnitude Comparator 


Dual J-K Flip-Flop w/PRESET and CLEAR 


10-to-4 Line-Priority Encoder 


Quad 2-Input Multiplexer, Inverting 


8-Bit Serial-to-Parallel Shift Register 


4-Bit Bidirectional Universal Shift Register 


The QMOS Product Line (Cont'd) 


Note: Add package suffix code to part number on all orders. 


E=Dual-In-Line Plastic Package—Temp. Range=—40° C to +85°C. 


CMOS Logic TTL Logic 
Plastic Pkg. _CERDIP 
CD74HC195E CD54HC195F CD74HCT195E |CD54HCT195F 16 4-Bit Paraliel Shift Register 
CD74HC221E CD54HC221F CD74HCT221E | CD54HCT221F 16 Dual Monostable Multivibrator 
CD74HC238E CD54HC238F CD74HCT238E |CD54HCT238F 16 1-of-8 Decoder 
CD74HC240E CD54HC240F CD74HCT240E |CD54HCT240F 20 Octal Buffer Line Driver, 3-State, Inverting 
CD74HC241E CD54HC241F CD74HCT241E |CD54HCT241F 20 Octal Buffer Line Driver, 3-State 
CD74HC242E CD54HC242F CD74HCT242E |CD54HCT242F 14 Quad-Bus Transceiver, 3-State, Inverting 
CD74HC243E CD54HC243F CD74HCT243E |CD54HCT243F 14 Quad-Bus Transceiver, 3-State 
CD74HC244E CD54HC244F CD74HCT244E |CD54HCT244F 20 Octal-Buffer Line Driver, 3-State 
CD74HC245E CD54HC245F CD74HCT245E {CD54HCT245F 20 Octal-Bus Transceiver, 3-State 
CD74HC251E CD54HC251F CD74HCT251E |CD54HCT251F 16 8-Channel Multiplexer, 3-State 
CD74HC253E CD54HC253F CD74HCT253E |[CD54HCT253F 16 Dual 4-Input Multiplexer, 3-State 
CD74HC257E CD54HC257F CD74HCT257E |CD54HCT257F 16 Quad 2-Input Multiplexer, 3-State 
CD74HC259E CD54HC259F CD74HCT259E |CD54HCT259F 16 8-Bit Addressable Latch 
CD74HC266E CD54HC266F CD74HCT266E |CD54HCT266F 14 Quad 2-Input Excl. NOR 
CD74HC273E CD54HC273F CD74HCT273E |CD54HCT273F 20 Octal D Flip-Flop w/CLEAR 
CD74HC280E CD54HC280F CD74HCT280E |CD54HCT280F 14 8-Bit Odd/Even Parity Generator/Checker 
CD74HC297E CD54HC297F CD74HCT297E |CD54HCT297F 16 Digital Phase-Locked Loop Filter 
CD74HC299E CD54HC299F CD74HCT299E |CD54HCT299F 20 8-Bit Universal Shift Register 
CD74HC354E CD54HC354F CD74HCT354E |CD54HCT354F 20 8-Input Multiplexer, Latched-Data, 3-State 
CD74HC356E CD54HC356F CD74HCT356E |CD54HCT356F 20 8-Input Multiplexer, Clocked-Latched-Data, 3-State 
CD74HC365E CD54HC365F CD74HCT365E |CD54HCT365F 16 Hex 3-State Buffer 
CD74HC366E CD54HC366F CD74HCT366E |CD54HCT366F 16 Hex 3-State Buffer, Inverting 
CD74HC367E CD54HC367F CD74HCT367E |CD54HCT367F 16 Hex 3-State Buffer 
CD74HC368E CD54HC368F CD74HCT368E |CD54HCT368F 16 Hex 3-State Buffer, Inverting 
CD74HC373E CD54HC373F CD74HCT373E |CD54HCT373F 20 Octal Transparent Latch 3-State 
CD74HC374E CD54HC374F CD74HCT374E |CD54HCT374F 20 Octai D Flip-Flop, 3-State 
CD74HC377E CD54HC377F CD74HCT377E |CD54HCT377F 20 Octal D-Type Flip-Flop with Data Enable 
CD74HC384E CD54HC384F CD74HCT384E |CD54HCT384F 16 8-Bit Serial Multiplier 
CD74HC390E CD54HC390F CD74HCT390E |CD54HCT390F 16 Dual Decade Counter 
CD74HC393E CD54HC393F CD74HCT393E |CD54HCT393F 16 Dual 4-Bit Binary Counter 
CD74HC423E CD54HC423F CD74HCT423E |CD54HCT423F 16 Dual Retriggerable Monostable Multivibrator 
CD74HC533E CD54HC533F CD74HCT533E |CD54HCT533F 20 Octal Transparent Latch, 3-State, Inverting 
CD74HC534E CD54HC534F CD74HCT534E |CD54HCT534F 20 Octal D Flip-Flop, 3-State, inverting 
CD74HC540E CD54HC540F CD74HCT540E |CD54HCT540F 20 Octal Buffer Line Driver, 3-State, Inverting 
CD74HC541E CD54HC541F CD74HCT541E |CD54HCT541F 20 Octal Buffer Line Driver, 3-State 
CD74HC563E CD54HC563F CD74HCT563E |CD54HCT563F 20 Octal Transparent Latch, 3-State, Inverting 
CD74HC564E CD54HC564F CD74HCT564E |CD54HCT564F 20 Octal D Flip-Flop, 3-State, Inverting 
CD74HC573E CD54HC573F CD74HCT573E |CD54HCT573F 20 Octal Transparent Latch, 3-State 
CD74HC574E CD54HC574F CD74HCT574E |CD54HCT574F 20 Octal D Flip-Flop, 3-State 
CD74HC640E CD54HC640F CD74HCT640E |CD54HCT640F 20 Octal Bus Transceiver, 3-State, Inverting 
CD74HC643E CD54HC643F CD74HCT643E |CD54HCT643F 20 Octal Bus Transceiver, 3-State 
CD74HC646E CD54HC646F CD74HCT646E |CD54HCT646F 20 Octal Bus Transceiver, 3-State 
CD74HC648E CD54HC648F CD74HCT648E |CD54HCT648F 20 Octal Bus Transceiver, 3-State, Inverting 
CD74HC670E CD54HC670F CD74HCT670E |CD54HCT670F 16 4x 4 Register File, 3-State 
CD74HC688E CD54HC688F CD74HCT688E |CD54HCT688F 20 8-Bit Equality Comparator 
CD74HC4002E CD54HC4002F | CD74HCT4002E |CD54HCT4002F 14 Dual 4-Input NOR Gate 
CD74HC4015E CD54HC4015F | CD74HCT4015E |CD54HCT4015F 16 Dual 4-Stage Serial In/Parallel Out Shift Register 
CD74HC4016E CD54HC4016F | CD74HCT4016E |CD54HCT4016F 14 Quad Bilateral Switch 
CD74HC4017E CD54HC4017F | CD74HCT4017E |CD54HCT4017F 16 Decade Counter/Divider 
CD74HC4020E CD54HC4020F | CD74HCT4020E |CD54HCT4020F 16 14-Bit Binary Counter 
CD74HC4024E CD54HC4024F | CD74HCT4024E |CD54HCT4024F 14 7-Stage Binary Counter 
CD74HC4040E CD54HC4040F | CD74HCT4040E |CD54HCT4040F 16 12-Bit Binary Counter 
CD74HC4046E CDS54HC4046F | CD74HCT4046E |CD54HCT4046F 16 Phase-Locked Loop 
CD74HC4049E CD54HC4049F a _ 16 Hex Buffer, Inverting 
CD74HC4050E CD54HC4050F — _ 16 Hex Buffer 
CD74HC4051E CD54HC4051F | CD74HCT4051E |CD54HCT4051F 16 8-Channel Analog MUX/DEMUX 
CD74HC4052E CD54HC4052F CD74HCT4052E |CD54HCT4052F 16 Dual 4-Channel Analog MUX/DEMUX 
CD74HC4053E CD54HC4053F | CD74HCT4053E |CD54HCT4053F 16 Triple 2-Channel Analog MUX/DEMUX 
CD74HC4060E CD54HC4060F | CD74HCT4060E |CD54HCT4060F 16 14-Stage Binary Counter w/Oscillator 
CD74HC4066E CD54HC4066F | CD74HCT4066E |CD54HCT4066F 14 Quad Bilateral Switch 
CD74HC4067E CD54HC4067F | CD74HCT4067E |CD54HCT4067F 24 16-Channel Analog Multiplexer/Demultiplexer 
CD74HC4075E CD54HC4075F | CD74HCT4075E |CD54HCT4075F 14 Triple 3-Input OR Gate 
CD74HC4094E CD54HC4094F | CD74HCT4094E |CD54HCT4094F 16 8-Stage Shift-and-Store Bus Register 
CD74HC4511E CD54HC4511F | CD74HCT4511E |CD54HCT4511F 16 BCD-to-7-Segment Latch/Decoder/Driver 
CD74HC4514E CD54HC4514F | CD74HCT4514E [CD54HCT4514F 24 4-to-16-Line Decoder w/Latch 
CD74HC4518E CD54HC4518F | CD74HCT4518E |CD54HCT4518F 16 Dual BCD Up Counter 
CD74HC4520E CD54HC4520F | CD74HCT4520E ICD54HCT4520F 16 Dual Binary Up Counter 
CD74HC4538E CD54HC4538F | CD74HCT4538E |CD54HCT4538F 14 Dual Retriggerable Precision Monostable Multivibrator 
CD74HC40102E CD54HC40102F | CD74HCT40102E|CD54HCT40102F 16 Dual Decade BCD Down Counter 
CD74HC40103E CD54HC40103F| CD74HCT40103E]CD54HC T40103F 16 8-Bit Binary Down Counter 
CD74HC40104E CD54HC40104F] CD74HCT40104EICD54HCT40104F 16 4-Bit Bidirectional Universal Shift Register, 3-State 
CD74HC40105E CD54HC40105F] CD74HCT40105EICD54HCT40105F 16 FIFO Shift Register 


F=Dual-in-Line Frit-Seal Ceramic Package (CERDIP)—Temp. Range=—55°C to + 125°C. 
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CMOS IC Packages 


E Suffix 
Plastic Dual-In-Line Packages 


D Suffix 
Ceramic Dual-In-Line Packages 


MiniDIP 


Welded-Seal 14,16,24, 18, 22, 24, 40-Lead 8,14,16,18,22,24, and 40-lead Versions 


and 28-lead Versions Side-Brazed Versions 


T Suffix 
12-Lead TO-5 Style Package 


K Suffix 
Ceramic Flat Packages 


F: Suffix 
Frit-Seal Ceramic Dual-In-Line Packages 


5 


14, 16, and 24-lead Versions CD4024A and CD4062A only 


14,16, and 24-lead Versions 


Ordering Information 


ee : H Suffix 
Most RCA CMOS integrated circuits are available in the CMOS Chip 


following package styles and are identified by the Suffix 
Letiers indicated below: dual-in-line ceramic, dual-in-line 
frit-seal ceramic, dual-in-line plastic, ceramic flat package, 
and in chip form. Some types are only available in one or two 
package styles. The available package styles for any specific 
type are given in the technical data for this type. 

When order CMOS devices, it is important that the appropri- 
ate suffix letter be affixed to the type number of the device 
required. For example, a CD4016B in a dual-in-line ceramic 
package will be identified as the CD4016BD. 


Suffix 
Package Letters 


Dual-In-Line Welded-Seal or D 
Side-Brazed Ceramic 

Dual-In-Line Frit-Seal Ceramic 

Dual-In-Line Plastic 

Ceramic Flat Package 

TO-5 Style 

Chip 


K=DtE+F 


92CS-24757 


Dual 3-input NOR Gate 
Plus Inverter 


CD4000A 


CD4000B 
CD4000UB 


(Page 478) 
(Page 58) 
(Page 62) 


92CS- 25035 
Vop:!4 


Dual Complementary Pair 
Plus inverter 


CD4007A 
CD4007UB 


(Page 484) 
(Page 70) 


92CS-24763 


Quad 2-input NAND Gate 
CD4011A (Page 492) 
CD4011B (Page 82) 
CD4011UB (Page 86) 


92CS-24762 


Quad 2-Input NOR Gate 


CD4001A 
CD4001B 
CD4001UB 


(Page 478) 
(Page 58) 
(Page 62) 


HIGH SPEED 
TT CARRY 


(CARRY IN) 
92CS~ 25077R2 


4-Bit Full Adder with 
Parallel Carry Out 


CD4008A 
CD4008B 


(Page 487) 
(Page 74) 


92CS- 24759 


Dual 4-Input NAND Gate 
CD4012A (Page 492) 
CD4012B (Page 82) 
CD4012UB (Page 86) 


Functional Diagrams 


92CS- 24758 
Dual 4-Input NOR Gate 


CD4002A 
CD4002B 
CD4002UB 


(Page 478) 
(Page 58) 
(Page 62) 


9255-4140R2 
Hex Buffer/Converter 
inverting Type 


CD4009A 
CD4009UB 


(Page 489) 
(Page 78) 


92CS-—25046 


Dual “D”’ Flip-Flop with 
Set/Reset Capability 


CD4013A (Page 495) 
CD4013B (Page 90) 


92CS- 25049R) Vss 
18-Stage Static Shift 
Register 


CD4006A 
CD4006B 


(Page 481) 
(Page 66) 


9205-27507 
Hex Buffer/Converter 
Non-Inverting Type 


CD4010A 
CD4010B 


(Page 489) 
(Page 78) 


PAR.IN. 


12345678 


92CS-25047 


8-Stage Synchronous Shift 
Register with Parallel or 
Serial Input/Serial Output 


CD4014A (Page 498) 
CD4014B (Page 94) 


BUFFERED OUT. 


Functional Diagrams 


DATA, 
CLOCK p 


RESET a 


92CS-25048 Vs 


S 
Dual 4-Stage Static Shift Register 
with Serial Input/Parallel Output 


CD4015A (Page 500) 
CD4015B (Page 99) 


VSS 


92CS-25036 


Quad AND/OR Select Gate 


CD4019A (Page 514) 
CD4019B (Page 118) 


92CS- 24761 
Triple 3-Iinput NAND Gate 


CD4023A (Page 492) 
CD4023B (page 82) 
CD4023UB (Page 86) 


IN/OUT 
SIG A 


OUT/IN 


OUT/IN 
SIG B 

IN/OUT IN/OUT 

SIG D 


Ue co OUT/IN 


92CS-21627 


Quad Bilateral Switch 


CD4016A 
CD4016B 


(Page 503) 
(Page 103) 


INPUT 
PULSES 


!2 BUFFERED OUTPUTS 


92CS-25053R2 
Vss 
14-Stage Binary Ripple Counter 


CD4020A (Page 516) 
CD4020B (Page 122) 


7 BUFFERED OUTPUTS 


NC =8,10,13 


Vss 


92CS-25051R3 


7-Stage Ripple-Carry 
Binary Counter/Divider 


CD4024A (Page 525) 
CD4024B (Page 122) 


OECODED DECIMAL OUT 


92cS-25072R2 Vv 
ss 


Decade Counter/Divider with 
10 Decoded Decimal Outputs 


CD4017A (Page 507) 
CD4017B (Page 108) 


PAR.IN. 


12345678 


92CS-25047 
Vss_ 
8-Stage Static Shift Register 


Asynchronous Parallel or 
Synchronous Serial Input/ 
Serial Output 


CD4021A 
CD4021B 


(Page 519) 
(Page 94) 


92CS- 24760 
Triple 3-Input NOR Gate 


CD4025A 
CD4025B 
CD4025UB 


(Page 478) 
(Page 58) 
(Page 62) 


- 
2 
(©) 
(=) 
uw 
4 
WwW 
uw 
we 
=> 
a 


JAM 
INPUTS 
a a a” 


tr 3 § 


PRESET 19 
ENABLE 


BUFFERED OUT. 


92cs-25074 


Presettable Divide-by-'’N’’ 
Counter Fixed or Programmable 


CD4018A (Page 511) 
CD4018B (Page 113) 


CLOCK 


CLOCK 
INHIBIT 


RESET 


DECODED OUT. 


92CS-25073R2 our 
Divide-by-8 Counter/Divider with 


8 Decoded Decimal Outputs 


CD4022A 
CD4022B 


(Page 522) 
(Page 108) 


CLOCK 
INHIBIT 


i) 


7 DECODED OUTPUTS 


5 CARRY OUT 


DISPLAY 
ENABLE 
OuT 

14 


UNGATED “C" 
SEGMENT 


VSS 92CS-25078R) 
Decade Counter/Divider with 7- 
Segment Display Outputs and 
Display Enable 


CD4026A (Page 528) 
CD4026B (Page 126) 


Functional Diagrams 


CARRY IN | 16 Ste 
OUTPUTS 

BUFFERED 

OCTAL cr 

DECODED 5 

OUTPUTS 


OF) BINARY / 


DECADE 9 


BUFFERED 
DECIMAL 
DECODED 
OUTPUTS 
(1OF 10) 


UP/ DOWN 10 


J?AMB L=E@F 
K=C@O M=G@H 


92cs-i913! 


92CS-17410RI 


92CS-17187RI 
Dual J-K Master-Slave 


Flip-Flop with Set-Reset 


92CS-!7190R3 


Presettable Up/Down Counter, 
Binary or BCD-Decade 


BCD-to-Decimal Decoder Quad Exclusive-OR Gate 


Capability 
CD4027A (Page 532) CD4028A (Page 535) CD4029A (Page 538) CD4030A (Page £41) 
CD40278 (Page 132) CD4028B (Page 136) CD4029B (Page 140) CD4030B (Page 146) 


STEERING 


RECIRC 
DATA2 
IN 


CLOCK 2 
IN 


CLOCK 
INHIBIT 


7 DECODED OUTPUTS 


DELAYED 


A DATA LINES 


B DATA LINES 


CLOCK 
Vop = 6 OuT CARRY RESET RIPPLE RIPPLE 
BLK BLK — 
Voc? 8 : 
ss Vgg 78 1N OuT SI 
NC = 3,4,11,12,13,14 eoce 26056 Vop :!6 92CS-17663 Vss iecsg et carbene |e 


8-Stage Static Bidirectional 
Parallel/Serial Input/Output 


Decade Counter/Divider 
with 7-Segment Display 


64-Stage Static Shift 
Register 


Triple Serial Adder 
Positive Logic 


Outputs and Ripple Blanking Bus Register 
CD4031A (Page 543) CD4032A (Page 546) CD4033A (Page 528) CD4034A (Page 549) 
CD4031B (Page 149) CD4032B (Page 154) CD4033B (Page 126) CD4034B (Page 158) 


PARALLEL IN 
12 


INVERT | 


¢ 2 - Q12 
INPUT Ql 

PULSES seh 

A> & 

" —£.q9 | 2% 

: 2 aslsa 

INVERT 2 i2-STAGE ae 

' RIPPLE Ww 

COUNTER Q6 | & 

Q5 | & 

aa | 3 

; ; ; grrs> oe alae oe a 0 5 Q3 ta 
Q,/6, Q/G> 03/03 24/0, c2 4 AND/OR PAIR Vy Cc; Q2 
cus aigetaoeeeae an Ql 


WO COUN ee wt Be CARRY RESET pEae? 


92CS-:9966RI 6 
ca ANO/OR PAIR lg Vee <8 
4-Stage Parallel In/Parallel Ree ee eek Se ae _j- €3 $5 
Out Shift Register with 92C$-19953R2 YOU “Is 92CS-!7663 VSS 92CS- 29066RI 
J-K Serial inputs and True/ Triple Serial Adder 12-Stage Ripple-Carry Binary 
Complement Outputs Triple AND/OR Bi-Phase Negative Logic Counter/Divider 


Pair 
CD4037A (Page 556) 


CD4038A (Page 546) 
CD4038B (Page 154) 


CD4040A (Page 558) 


CD4035A (Page 553) Cp40408 (Page 122) 


CD4035B (Page 164) 
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Functional Diagrams 


LATCH 
2 


D 


Vss*7 12 
Vop =!4 = 8 


POLARITY 


6 
92CS-20034RI Vp 6 92CS- 2019! ENABLE : 93c6-S02iRI ENABLE - eich ees 
: ss 
Quad True/Complement Vss 8 conte 
Quad 3-State NOR R/S Quad 3-State NAND R/S 
Buffer Quad Clocked ‘’D”’ Latch Latch Latch . 
CD4042A (Page 565) CD4043A p CD4044A (Page 568) 
4041A Page 561 (Page 568) 
Cb4041UB (Page 163) | ©D40428 (Page 172) CD4043B (Page 176) eriieen a 


4,5,6,9,10,11,12,13= 
NO CONNECTION 


92CS- 29107 


4 Yss 92CS- 29172 


Vss (8) (\5) ZENER 
Micropower Phase-Locked Loop 


21-Stage Counter 


CD4045A (Page 571) 
CD4045B (Page 180) 


CD4046A (Page 574) 
CD4046B (Page 184) 


BINARY CONTROL INPUTS 
ASR GAT ATAE ED 
FUNCTION CONTROL 


3-STATE 
CONTROL 


—_—_--__——_———_ 
Kg Kp Ke Kg 
RC 
| eoancon 


eo 4 
ASTABLE 
Oe to asraaie ©} LOW 


1G | POWER 
ASTABLE 


ATE 
ree. MULTIVIBRATOR 
o _ | _ 


| 


| | } 3 

- TRIGGER | . 

(©) MONOSTABLE Se Oe j 
ONTROL 


(@) + TRIGGER . 
RETRIGGER | RETRIGGER 
(2) | CONTROL 


EX TERNAL 


© RESET | 


| 


FREQUENCY 
DIVIDER 


92CS-22249 Vs5:8 


Vop=!6 
Multi-Function Expandable 
8-Input Gate 


CD4048A (Page 585) 
CD4048B (Page 197) 


g2cs-2907) 
Low-Power Monostable/Astable 
Multivibrator 


NC = 16 92CS-27506 


Hex Buffer/Converter 
Inverting Type 


CD4049A (Page 590) 
CD4049UB (Page 202) 


CD4047A (Page 579) 
CD4047B (Page 190) 


18 


Functional Diagrams 


13 X 


ss COMMON 
CHANNELS OUT/IN 
IN/OUT 


ee 


CHANNELS y 
CHANNELS IN/OUT COMMON 
OUT/IN 


CONTROL 


CONTROL 


92CS - 26373 


92CS - 26372 


NC =13 
NC =16 
Hex Buffer/Converter 

Non-Inverting Type 


CD4050A (Page 590) 
CD4050B (Page 202) 


92CS -27507 


Single 8-Channe! Analog 
Multiplexer/Demultiplexer 


CD4051B (Page 206) 


Differential 4-Channel Analog 
Multiplexer/Demultiplexer 


CD4052B (Page 206) 


oe et 


lad 
> 
+ 
ie) 
=x 
) 


DISPLAY DRIVERS 


ax OR ay OUT/IN 
bx OR by OUT/IN 
cx OR cy OUT/IN 


LEVEL SHIFTERS 


Vop = !6 
Vss = 8 
VEE =7 
92CS - 22708RI 


DISPLAY- 
FREQ. IN a eee 


ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 92CS-20090R2 


Triple 2-Channel 
Multiplexer/Demultiplexer 


CD4053B (Page 206) 


4-Segment Liquid-Crystal 
Display Driver 
CD4054B (Page 213) 


kt 


@ @* @” 
r 


; —®> 
| | & a F | 2 
2@74 § Or : 
| u BCD i" | n 
— Ez eo INPUTS | 52 = _ a 
n a > 
2Z@1 2H -H £ LO: “| [eset | z m 
' [=) 
= Ze = | w aoo (i2)d FSEGMENT 
WwW WW ax > wo > 
| Osa ra 7 a Ou a OUTPUTS 
234) o je =o wa oT sels 2 
: aad 2 w © = | OUT. N fl o 
” a 
DISPL Ay,, o;,° ~ DISPLAY - 
FREQ.IN ne i (i3)e FREQ. IN Hl 
eo 
| i | (5)¢ 
| Ol ee ar 
| ALL INPUT 1 
3 S PROTECTED BY , 
aia a | DISPLAY- COS/MOS PROTECTION NETWORK slic ac 
Sectty es Me ee eee oe |) FREQ. OUT 


BCD-to-7-Segment Decoder/Driver 
with Strobed-Latch Function 
Liquid-Crystal Display Driver 
CD4056B (Page 213) 


BCD-to-7-Segment Decoder/Driver 
with “’Display-Frequency” Output 
Liquid-Crystal Display Driver 

CD4055B (Page 213) 
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Functional Diagrams 


PARALLEL DATA 


paTa- IN/OUT LINES RIGHT 
ROTATE-! QUT | ae —_A_ — DATA 21 
(Ro!) CONTROL 04 03 D2 oO: LINE INPUT 
) 6 
eY) 


FUNCTION 


FUNCTION 
SELECT 


AND 


MODE 


CONTROL 


ARITHMETIC 
CELL 
No4 


ARITHMETIC 
CELL 
No3 


ARITHMETIC 
CELL 
No2 


ARITHMETIC 
CELL 
Nol 


ONOITIONA 
=— TO CARRY 
OuT LOGIC 


CONDITIONAL 
INPUTS 


GATING 


0 


EFT EG zI ROTATE -2 e . . . . 
ih sma ND ourput (Roz) 4-Bit Arithmetic Logic Unit 


LINE acral CD4057A (page 593) 


OVERF LOW 
vo 


PROGRAM JAm .NPUTS (BCD) 


Z2MA®D OOOO OVDOD 


JO} JIO} sity vI2 JIS} JI4} JIS JIG 


J5} v6] J7} 8 
PRESETTABLE LOGIC 


14-STAGE 
RIPPLE 
COUNTER 


LAST 
COUNTING 
SECTION 

=1,2,.2,4.6 


COUNTING 
SECTION 
—10,8,5,4,2 


92CS-29073RI 


ae 
14-Stage Ripple-Carry 
OuTPuUT DIVIDE -BY-N i mie 
eaten @ @ " ourur Binary Counter/Divider 
Programmable Divide-by-’’N”’ ozce-22213R1 and Oscillator 
Counter CD4060A (Page ar 
CD4059A (Page 601) CD4060B (Page 218) 


| OF 16 DECODERS 


WORD “A" 


OUT/IN 
SIG B 


CASCADING 
INPUTS 


IN/OUT IN/OUT 


CLOCK OUT/IN 
GENERATOR 


92CS- 249664 


SIG D 
OUT/IN 


ideal CONT _5 


Vop= !6 Vss=8 


92CS-24516RI 


OUT/IN 
SIG C 


92CS-24924RI 


IN/OUT 
92CS-21627 


200-Stage Dynamic Giada Ritateral Switch . 16-Channel . 
Shift Register 4-Bit Magnitude Comparator CD4066A (Page 616) Multiplexer/Demultiplexer 
CD4062A (Page 612) CD4063B (Page 222) CD4066B (Page 226) CD4067B (Page 231) 
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Functional Diagrams 


J=A-B-COE-F GH 
K=A-B-C°D-E-F-G:H 


zn am 90O WwW p 


Yoo 214 


Vsg =7 6,8 NO CONNECTION 
' J=AQ@B M=G@H 
K=C@D L =E@F 

veg"? 
Vop:!4 


92CS- 23874R3 


92CS - 24566Rz 


92CS-27685 


8-Input NAND/AND Gate Hex Inverter Quad Exclusive-OR Gate Quad 2-Input OR Gate 
CD4068B (Page 237) CD4069UB (Page 240) CD4070B (Page 243) CD4071B (Page 246) 


xO "Moa wp 
or FH OD man Pe WoO 


Vss 
92CS-27686 


SS 
92CS=2757) 92CS-27687 


Dual 4-Input OR Gate Triple 3-Input AND Gate Triple 3-Input OR Gate 
CD4072B (Page 246) CD4073B (Page 250) CD4075B (page 246) 


DATA INPUT OUTPUT 
DISABLE DISABLE 


GI G2 
9g} 10 


J=A+B+C+D +E+F+G+H 
K=A+B+C+DtE+F+G+H 


6,8=NC 
Vop=!4 


rTanmodna®w Pp 


Vss =7 
Ve5"2 
RESET Vop:!6 92CS - 24497R2 92CS - 23877R4 
92CS-24885RI 


4-Bit D-Type Register Quad Exclusive-NOR Gate 8-Input NOR/OR Gate 
CD4076B (Page 254) CD4077B (Page 243) CD4078B (Page 258) 


Functional Diagrams 


ronmon wp 


92CS-27563 


Quad 2-Input AND Gate 


CD4081B (Page 250) 


INHIBIT/E 


a) 
; 6 
6 8 


H 2 


WW 
ENABLE/EXP 


Js INH + ENABLE + AB+CO+ EF + GH 


ronmrPowoo>o 


92CS$-27570 


Duai 4-Input AND Gate 


CD4082B (Page 250) 


LOGIC | 2 HIGH 
LOGIC O= LOW 


Vop *!4 
Ves ** 
NC=4 


92CS-23870RI 


Expandable 4-Wide, 2-Input 
AND-OR-INVERT (AO!) 
Gate 


CD4086B 


SERIAL 
OUTPUTS 


8-STAGE 


SHIFT 
‘PEGISTER 


8-BIT 
STORAGE 
REGISTER 


STROBE | 


ENABLE 15] 3-STATE | YO0=!S 


OUTPUTS 


PARALLEL OUTPUTS QI-Q8 


(TERMINALS 4,5, 6, 7, 14,13, 12,11, 
RESPECTIVELY) 
92CS — 24564RI 


8-Stage Shift-and-Store 
Bus Register 


CD4094B (Page 278) 


(Page 265) 


VoD = !4 
“eo ** 
NC =I 
92CS-24427RI 


Gated J-K Master-Slave 
Flip-Flop, Non-inverting 
Inputs 


CD4095B (Page 282) 


INHIBIT | 


Al 
Bl 
Ci 
Ol 


INHIBIT 2 + 
A2 
B2 
c2 
D2 


— = INHIBIT +AB4+CD 
LOGIC |? HIGH 
LOGIC 02 LOW 


Vop 7 !4 
Vg5 ? rf 


92CS-23890R2 
Dual 2-Wide, 2-input 


AND-OR-INVERT (AOI) 
Gate 


CD4085B (Page 261) 


BINARY RATE 
SELECT INPUTS 


INHIBIT 
(CARRY)IN 


BINARY 
OUTPUTS 
COUNTER 


—© "15" OUT 
INHIBIT (CARRY) OUT 


92CS-25004R) 


92CS-23880 
Quad 2-Input NAND 


Schmitt Trigger 
CD4093B 


Binary Rate Multiplier 


CD4089B (Page 269) (Page 274) 


Vop = !4 
Vss ? 7 
NC =| 
92CS - 24430R! 


Gated J-K Master-Slave 
Flip-Flop, inverting and 
Non-inverting Inputs 


CD4096B (Page 282) 


Functional Diagrams 


; xX 
OUT/ IN 


IN/OUT WRITE DISABLE 


OmMIroaatPr @ 


| ¥ 
OUT/IN 


Y 
IN/OUT | 


Vop 724 
Vgg 712 92CS-24980R2 92CS- 29253 
Differential 8-Channel Dual Monostable 
Multiplexer /Demultiplexer Multivibrator 8-Bit Addressable Latch 


CD4097B (Page 231) CD4098B (Page 286) CD4099B (Page 291) 


THREE-STATE OUTPUT 
OUTPUT _4 DISABLE 
DISABLE 12 DOA 


HIBIT 
INHIB DIA 


Vop- 16 
vss=8 


92CS —2292IRI I6=Vpp 8=Vss 92CS -32392RI . .27494R 


Strobed Hex Inverter/Buffer Hex Buffer Dual 4-Bit Latch 


CD4502B (Page 295) 3-State Non-Inverting CD4508B (Page 301) 
CD4503B (Page 298) 


BCD 7-SEGMENT 
PRESET INPUTS OUTPUTS 


ENABLE 3-STATE DISABLE 


PI INHIBIT 


P2 
P3 

CHANNEL 

INPU 
P4 14 SELECT 


OUTPUT 
Vpp = !6 


CLOCK Veco-= 
ss-8 Vop* '6 


UP/DOWN c- Vsg5° 8 
( 
on sianesideanaetiatinds ca CD45128 
CARRY IN CARRY OUT LE/STROBE 
92CS- 286929 


RESET 92CS-24824 Vsg78 92CS- 25083R2 


Vop7!6 


BCD Presettable Up/Down BCD-to-7-Segment 
Counter Latch Decoder Driver 8-Channel Data Selector 


CD4510B (Page 305) CD4511B (Page 311) CD4512B (Page 316) 


Functional Diagrams 


PRESET 
ENABLE 


64-BIT 
SHIFT 
REGISTER 


Q| 
Qe 
Q3 
Q4 


Pl 
P2 
P3 
P4 


WE = 0-- QI6--- Q32- --048--- 064 
WE= I----DI7~~-D33---D49---HiZ 


1\OF 2 SHIFT REGISTERS. TERM. Nos. 
IN PARENTHESES ARE FOR 2 ND HALF. 


Vop = '6 


CLOCK 
UP/DOWN 
CARRY IN 


Vss-8 


CARRY OUT 


92CS- 3037! 


RESET 92CS- 24824 


INHIBIT 


92CS - 24597 


Binary Presettable Up/Down 
Counter 


CD4516B (Page 305) 


4-Bit Latch/4-to-16 
Line Decoder 
CD4514B (Page 319) CD4515B (Page 319) 
Output ‘‘High’’ on Select Output ‘’Low” on Select 


Dual 64-Bit Shift Register 
CD4517B (Page 323) 


CLOCK A 


= 
ENABLE A 


PRIORITY 
SELECT 


RESETA 
7 


CLOCK B 


10 
ENABLE B 


INHIBIT (CARRY) OUT 
92C5-24913RI 


RESET 8 
S= 


Vop =!6 
Vss*8 


92CS- 24506R 92CS-26360RI 
’ | 


Dual Up Counter 


CD4518B (Page 328) 
BCD 

CD4520B (Page 328) 

Binary 


BCD Rate Multiplier 
CD45278 (Page 333) 


8-Bit Priority Encoder 


CD4532B (Page 338) 


8- BYPASS 
O6 


OSC 

OSC 14 | INHIBIT 
®. LOGIC 

INHIBIT L= 


MR 


STAGES 9-24 
MODE 
Q/0 
SELECT 
Vop = PIN 14 
Vgs = PIN 7 
(3 92CS-35066 


O 
DECODE 
DECODER OUT 


i 
INHIBIT Vpp7!6 Vss78 92CS$-30373 


92cSs- 24253 
Dual Precision Monostable 


Multivibrator 
CD4538B (Page 350) 


Programmable Timer 


CD4536B (Page 342) 


Programmable Timer 


CD4541B (Page 356) 


24 


ADDRESS 


gigi gg 218 


8 
Vss 
92CS—229I9RI 


Dual Binary-to-1-of-4 
Decoder/Demultiplexer 
Output “Low” on Select 


CD4556B 


STROBE 
O 


4-LINE-TO-I6-LINE DECODER 


(Page 366) 


16 CONTROL LATCHES 


DISPLAY 
TO DRIVER 
7-SEGMENT 


DECODER 


92CS- 34515 


BCD-to-7-Segment Latch/Decoder/Driver 


CD4543B (Page 360) 


WORD "a" 


CASCAD 
INPUT 


WORD "B" 


Vgg 78 


Functional Diagrams 


7 SEGMENT 
OUTPUTS 


8 
Vss 
92CS -229/8RI 


Dual Binary-to-1-of-4 
Decoder/Demultiplexer 
Output ‘High’ on Select 


CD4555B (Page 366) 


OMoOOsaD @ 


92CS-30372 


92CS-30375 


4-Bit Magnitude Comparator 
CD4585B 


(Page 371) 


c022102 
[ om 


Kb 


8-Bit Addressable Latch 


CD4724B (Page 375) 


Kg 


cD22101 
ONLY | 


STROBE 


DATA 


13 14 


ADDRESS 
woDmMo0OmMo 


92CM- 27346Ri 


4-by-4 Crosspoint Switch 
with Control Memory 


CD22100 


(Page 636) 


ey eheh | 


v3 
PHD oH Cy |” 


SIGNALS IN (OUT) 


4-by-4-by-2 Crosspoint Switch 
with Control Memory 


CD22101 (Page 641) 
CD22102 (Page 641) 


92CM— 29838 


Functional Diagrams 


'|Vop 35] Vss 


CTX . = *4pB3 OUT 


TRANSMITTER 
NRZ IN 


fe “HDB3 OUT 


Di SEGMENT 
OUTPUTS 


DATA 
INPUTS 


*HOB3 IN DIGIT D2 SEGMENT 
RECEIVER NRZ OUT SELECT OUTPUTS 
~HDB3 IN INPUTS 
LTE 
D3 SEGMENT 
OUTPUTS 
OSCILLATOR 
CRX ERROR AND ERR pet 
ALS 
RAIS DETECT ALS D4 SEGMENT 


OUTPUTS 


BACKPLANE 
INPUT/OUTPUT 
Vgs = 8 92CS- 36527 
92CS-33101 


HDB3 Transcoder 
4-Digit Decoder Driver 


CD22103 (Page 649) CD22104 (Page 656) CD22104A (Page 656) 


Hexadecimal Display Decimal Display 


'1Vpp 351 Vss 


ALBO ALBO 
GND SUBSTRATE BIAS Vcc 
DI SEGMENT O ) w) i) G9) 4) 
DATA OUTPUTS 


INPUTS 


OUTPUTS ALBO 


SELECT o( @ 

CODE 

CHIP 

SELECT 


D2 SEGMENT 
OUTPUTS 


D3 SEGMENT 
OUTPUTS 


OSCILLATOR 
INPUT 


D4 SEGMENT 
OUTPUTS 


TIMING 
PULSE 


BACKPLANE 
INPUT /OUTPUT 


PREAMP 
INPUT 


92CS- 33100 


4-Digit Decoder Driver 


PREAMP 
OUTPUT 


CD22105 (Page 661) 


92CM- 34927 


Hexadecimal Display A 


Voc 


CD22105A (Page 661) 


PCM Line Repeater 


Decimal Display 


CD22301 (Page 666) 


26 


16-Channel Precision 


Timer/Driver 


92CS~ 36526 


- COLUMN 
DIVIDERS 
| | AND D/A 


ROW 
DIVIDERS 
AND D/A 


CD22401 


SUMMING 
AMPLIFIER > . (i6) 
Yoo 


ENABLE 


MUTE 
CONTROL 


Vss 


Dual-Tone Multifrequency Tone Generator 92CM-33099 


CD22859 (Page 683) 


CD40102B (Page 387) 


2-Decade BCD 


8-STAGE 
DOWN 


COUNTER CD401038 (Page 387) 


8-Bit Binary 


92CS- 28B8IIRI 


8-Stage Presettable 
Synchronous Down Counter 


(Page 670) 


Functional Diagrams 


OP AMP 


T 
INPUTS] B- CD22413 ae 


B+ —4 CD22414 


FILTER \ TXT LPO/ FILTER 
INPUTSIRXI TXO SouTPUTS 


TIMI RXO 


VAG=! 
92CS -33227 


Pulse Code Modulation 
Sampled - Data Filters 


CD22413 
CD22414 


(Page 676) 
(Page 676) 


INHIBIT 
Vop*!4 
Vsst7? 
LEF T/RIGHT 
CONTROL 


pes 


OUTPUT 


o—6 
OUTPUT 
10, 14,15 


RECIRCULATE 


CONTROL 92CS- 27567 


32-Stage Static 


Left/Right Shift 
Register 


92CS-27397 


9-Bit Parity Generator/Checker 


CD40100B (Page 379) CD40101B (Page 384) 


OUTPUT 
ENABLE 


3-STATE 


00 Qo 
OI Ql 
02 Q2 
03 Q3 


DATA- OUT 
READY 


SHIFT OUT 


SHIFT IN 

DATA-IN 

READY 
Voo =16 


MASTER Vss: 8 


92CS-248162R2 RESET 


92CS-27282 


FIFO Register 
4-Bits Wide by 16-Bits Long 


CD40105B 


4-Bit Universal Bidirectional 
Shift Register 
3-State Outputs 


CD40104B (Page 394) (Page 401) 


Functional Diagrams 


WRITE 
ENABLE 


3-STATE A 


DATA 
INPUTS 02 


WORD A 
Q2 | OUTPUT 


WRITE O- 
WRITE ! 


READ tA 
READ OA 


WORD B 
OUTPUT 


rina pd >t 
6 (10) & i 


92CS-29434R2 


REAO |B 
READ 08 


NOTE: 
NUMBERS IN PARENTHESES FOR CD40107BF, 
OTHERS FOR CD401I07BE 


Yoo =24 
Vgg ile 


CLOCK 3-STATE B 
92C5 24B19R? 


92¢S- 28662 


Hex Schmitt Trigger Dual 2-Input NAND 


Buffer/Driver 


4-by-4 Multiport Register 


CD40106B _— (Page 406) CD40107B _— (Page 410) CD40108B ~— (Page 413) 


CLOCK UP 


CLOCK DOWN 


INPUT 


3,6,10,14 


oes 


LEVEL ae 
SHIFT | 


|, OF 4 


CARRY 
4,5, 11,13 


Ss 
vss 


JOHNSON 
COUNTER, 


BORROW 


~ 7 INDEPENDENTLY ENABLED 
LEVEL SHIFTERS 
YCC Yoo ENABLE 
LATCH ENABLE 
— = LEVEL 


“ec 
Vop=!6 ee aS 


92CS- 29200 


92CS- 26669R! 


Decade Up-Down Counter/ 
Decoder/Latch/Driver 


Vss 


Quad Low-to-High 
Voltage Level Shifter 


CD40109B (Page 418) C040110B (Page 422) 


CONTROL 


DISABLE DISABLE / STROBE DATA \ 
13 13 A A 
CMOS TEE 
INOUT) IN(OUT) OUT(IN) a _ | ii P 
[4 PULL -UP OR E 
2A R 
PULL - DOWN M 
| RESISTORS | 3A ‘ 
2 | ATCHES 34 ; 
*3 4t H T 
he SHIFTER reise O 
HI ENABLE a 1B R 
— | 4 PULL-UP OR ) 
PULL- DOWN 28 | g 
RESISTORS 3B ; 
OR | oy 
Vec*22 Veo =22 4 LATCHES | : 
eal 92CS- 30246 Vgg tll, 12 92CS -32569RI 7 = E 


STROBE DATA 
n:) B 


8-Bit Universal Bidirectional 


8-Bit Universal Bidirectional CONTROL 92CS-35283 
CMOS/TTL Level Converter CMOS/TTL Level Converter Programmable Dual 4-Bit 
CD40115 _— (Page 687) CD40116 (Page 689) Terminator 


CD40117B (Page 431) 


28 


Functional Diagrams 


— 1» 023 
= t3? 

> 

| erie xo 7; = 


| SELECT | ENCODER 82! 
| A2° 
10) ' ees 


2720$-2907°8 


92CS - 28626Ri 


10-Line-to-4-Line ; 
BCD Priority Encoder Synchronous 4-Bit Counter 
CD40162B = (Page 438) CD40160B (Page 438) 
CD40147B _—s (Page 435) Decade with Synchronous Decade with Asynchronous 
Clear Clear 
CD40163B = (Page 438) CD40161B _— (Page 438) Hex “D” Type Flip-Flop 


Binary with Synchronous gal with Asynchronous CD40174B — (Page 445) 


92CS-2923) 


TY INPUT 
FUNCTION SELECT INPUTS FUNCTION SELECT 


OuTPuT 
FUNCTION 
OUTPUT 
FUNCTION 


OuT 


R PPLE OUT 
CARRY 


out 16 ne 4 RIPPLE 


CARRY 
OouT 
LOUK 


CARRY IN AHEAD 


AHEAD 
CARRY 
OUTPUTS 


MODE 
CONTROL 


MODE CARRY LOOK 
CONTROL OuTPUTS CARRY IN 


‘ Ss -aA?se 


Vss z 92CS-28387R2 


Quad “D"-Type Flip-Flop 4-Bit Arithmetic Logic Unit 


CD40175B_~— (Page 449) Active-Low Data Active-High Data 
CD40181B (Page 455) 


2) 2] a SI 


CLOCK UP 
CLOCK DOWN 


RESET 


a M2 Sl 


CARRY IN 92CS- 2756IRI SELECT Vop =!6 


Vee *s 
Vop= !6 Presettable Up/Down Counter 


CD40192B = (Page 464) 4-Bit Universal Bidirectional Shift 


BCD Register with Asynchronous Master Reset 
CD40182B = (Page 460) CD40193E = (Page 464) CD401948 (Page 394) 


Binary 


Look-Ahead Carry Generator 


WRITE 


ENABLE ENABLE A 
DATA 


INPUTS 


DO 
o! WORD A 
b2 OuTPUT 


03 


WRITE O 
WRITE | 


READ 1A 


READ OA WORD B 
OUTPUT 


READ 1B 
READ OB 
92CS-286549R) 


Yoo*2% crock ENABLE B 


Vgg le 
4-by-4 Multiport Register 
CD40208B (Page 469) 


(2) OVERFLOW 


PARALLEL 
OUTPUT 
DECODER y 
LOGIC 
AND 
STORAGE 
REGISTER 


AUTO BALANCE 
COMPARATORS 


92CS-3688! 


6-Bit Flash A/D Converter 


CA3300 (Page 620) 


Functional Diagrams 


OUTPUT 
CISABLE 


8 | >> ———_——_—_——. 
INPUT 


SELECT 
a & O 


_ lf - 


BI O 
30 


A2 
5 O 
B2 
6 O 
A3 3 ADDITIONAL IDENTICAL CIRCUITS 


Quad 2- Line-to-1 - Line 
Data Selector /Multiplexer 92CM-28741RI 
CD40257B (Page 474) 


ANALOG DIGITAL 
SUPPLY 4-> Van VbD +(2 SUPPLY 


(8) OVERFLOW 


= 8- BIT 
(6) PARALLEL 
OUTPUT 


STORAGE 
REGISTER 


AUTO BALANCE 


COMPARATORS 
ANALOG DIGITAL 


GROUND b b GROUND 
) (8) © (15) ‘O) 


AGND CLOCK PHASE —REF Vss 


92CS- 36882 


8-Bit Flash A/D Converter 


CA3308 (Page 631) 
CA3308A (Page 631) 


Cross-Reference Guide 


This guide provides a quick reference to a wide variety of industry CMOS logic 
integrated circuits that can be replaced by RCA types. 


The RCA types listed as replacements are electrically and mechanically equivalent to 
the corresponding industry types and can be used as direct replacements in most 
applications. The recommendations are based on the electrical and mechanical data 
published by various solid-state device manufacturers. 


Before substituting any replacement type in a particular application, the user should 
review the operating conditions of the particular application with the specifications of 


the type he is planning to use as the substitute type. 


Industry 
Type 


CD4000CN 
CD4000MD 
CD4000MJ 
CD4001BCJ 
CD4001BCN 


CD4001BMD 
CD4001BMJ 
CD4002BCJ 
CD4002BCN 
CD4002BMD 


CD4002BMJ 
CD4002CN 
CD4002MD 
CD4002MJ 
CD4006BCJ 


CD4006BCN 
CD4006BMD 
CD4006BMJ 
CD4006CN 
CD4006MD 


CD4006MJ 
CD4007CN 
CD4007MD 
CD4007MJ 


CD4007UBMD 
CD4007UBCN 


CD4008BCJ 

CD4008BCN 
CD4008BMD 
CD4008BMJ 


CD4009CN 
CD4009MD 
CD4009MJ 
CD4010CN 
CD4010MD 


RCA 
Replacement 


Type 


CD4000AE 
CD4000AD 
CD4000AF 
CD4001BF 
CD4001BE 


CD4001BD 
CD4001BF 
CD4002BE 
CD4002BE 
CD4002BD 


CD4002BF 
CD4002AE 
CD4002AD 
CD4002AF 
CD4006BF 


CD4006BE 
CD4006BD 
CD4006BF 
CD4006AE 
CD4006AD 


CD4006AF 
CD4007AE 
CD4007AD 
CD4007AF 
CD4007UBD 


CD4007UBE 
CD4008BF 
CD4008BE 
CD4008BD 
CD4008BF 


CD4009AE 
CD4009AD 
CD4009AF 
CD4010AE 
CD4010AD 


Industry 
Type 


CD4010MJ 
CD4011BCJ 
CD4011BCN 
CD4011BMD 
CD4011BMJ 


CD4012BMD 
CD4012CN 
CD4012MD 
CD4012MJ 
CD4013BCJ 


CD4013BCN 
CD4013BMD 
CD4013BMJ 
CD4014BCJ 
CD4014BMD 


CD4014BMJ 
CD4014CN 
CD4014MD 
CD4014MJ 
CD4015BCJ 


CD4015BCN 
CD4015BMD 
CD4015BMJ 
CD4015CN 
CD4015MD 


CD4015MJ 
CD4016BCJ 
CD4016BCN 
CD4016BMD 
CD4016BMJ 


CD4016CN 
CD4016MD 
CD4016MJ 
CD4017BCJ 
CD4017BCN 


RCA 
Replacement 


Type 


CD4010AF 
CD4011BF 
CD4011BE 
CD4011BD 
CD4011BF 


CD4012BD 
CD4012AE 
CD4012AD 
CD4012AF 
CD4013BF 


CD4013BE 
CD4013BD 
CD4013BF 
CD4014BF 
CD4014BD 


CD4014BF 
CD4014AE 
CD4014AD 
CD4014AF 
CD4015BF 


CD4015BE 
CD4015BD 
CD4015BF 
CD4015AE 
CD4015AD 


CD4015AF 
CD4016BF 
CD4016BE 
CD4016BD 
CD4016BF 


CD4016AE 
CD4016AD 
CD4016AF 
CD4017BF 
CD4017BE 


Industry 
Type 


CD4017BMD 
CD4017BMJ 
CD4018BCN 
CD4018BMD 
CD4018BMJ 


CD4019BCJ 
CD4019BCJ 
CD4019BMD 
CD4019BMJ 
CD4020BCJ 


CD4020BCN 
CD4020BMD 
CD4020BMJ 
CD4021BCJ 
CD4021BCN 


CD4021BMD 


CD4021BMJ 
CD4021CN 
CD4021MD 
CD4021MJ 


CD4022BCJ 
CD4022BCN 
CD4022BMD 
CD4022BMJ 
CD4023BCJ 


CD4023BCN 
CD4023BMD 
CD4023BMJ 
CD4023CN 
CD4023MD 


CD4023MJ 
CD4024BCJ 
CD4024BCN 
CD4024BMD 
CD4024BMJ 


RCA 
Replacement 


Type 


CD4017BD 
CD4017BF 
CD4018BE 
CD4018BD 
CD4018BF 


CD4018BF 
CD4019BE 
CD4019BD 
CD4019BF 
CD4020BF 


CD4020BE 
CD4020BD 
CD4020BF 
CD4021BF 
CD4021BE 


CD4021BD , 
CD4021BF 
CD4021AE 
CD4021AD 
CD4021AF 


CD4022BF 
CD4022BE 
CD4022BD 
CD4022BF 
CD4023BF 


CD4023BE 
CD4023BD 
CD4023BF 
CD4023AE 
CD4023AD 


CD4023AF 
CD4024BF 
CD4024BE 
CD4024BD 
CD4024BF 
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Industry 
Type 


CD4025BCJ 

CD4025BCN 
CD4025BMD 
CD4025BMJ 

CD4025CN 


CD4025MD 
CD4025MJ 
CD4027BCJ 
CD4027BCN 
CD4027BMD 


CD4027BMJ 
CD4027DM 
CD4028BCJ 
CD4028BCN 
CD4028BMD 


CD4028BMJ 
CD4029BCJ 
CD4029BCN 
CD4029BMD 
CD4029BMJ 


CD4030BMD 
CD4030MD 
CD4030MJ 
CD4031BCN 
CD4031BDM 


CD4031BMD 
CD4031BMJ 
CD4034BCN 
CD4034BMD 
CD4034BMJ 


CD4035BCN 
CD4035BMD 
CD4035BMJ 
CD4040BCJ 
CD4040BCN 


CD4040BMD 
CD4040BMJ 
CD4041BMD 
CD4041CJ 
CD4041CN 


CD4041MD 
CD4041MJ 
CD4042BCJ 
CD4042BCN 
CD4042BMD 


CD4042BMJ 
CD4043BMD 
CD4043CN 
CD4043MD 
CD4043MJ 


CD4044BMD 
CD4044CN 
CD4044MD 
CD4044MJ 
CD4045BMD 
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RCA 
Replacement 
Type 


CD4025BF 
CD4025BE 
CD4025BD 
CD4025BF 
CD4025AE 


CD4025AD 
CD4025AF 
CD4027BF 
CD4027BE 
CD4027BD 


CD4027BF 
CD4027BD 
CD4028BF 
CD4028BE 
CD4028BD 


CD4028BF 
CD4029BF 
CD4029BE 
CD4029BD 
CD4029BF 


CD4030BD 
CD4030AD 
CD4039AF 
CD4031BE 
CD4031BD 


CD4031BD 
CD4031BF 
CD4034BE 
CD4034BD 
CD4034BF 


CD4035BE 
CD4035BD 
CD4035BF 
CD4040BF 
CD4040BE 


CD4040BD 
CD4040BF 
CD4041UBD 
CD4041UBF 
CD4041AE 


CD4041AD 
CD4041AF 
CD4042BF 
CD4042BE 
CD4042BD 


CD4042BF 
CD4043BD 
CD4043AE 
CD4043AD 
CD4043AF 


CD4044BD 
CD4044AE 
CD4044AD 
CD4044AF 
CD4045BD 


Industry 
Type 


CD4046BCN 
CD4046BMD 
CD4046BMJ 

CD4047BCN 
CD4047BMD 


CD4047BMJ 
CD4048BCJ 
CD4048BCN 
CD4048BMD 
CD4048BMJ 


CD4049BMD 
CD4049BPC 
CD4049CN 
CD4049MD 
CD4049MJ 


CD4050BCJ 
CD4050BCN 
CD4050BMD 
CD4050BMJ 
CD4051BCJ 


CD4051BMD 
CD4051BMJ 
CD4052BCJ 
CD4052BCN 
CD4052BMD 


CD4052BMJ 
CD4053BCJ 
CD4053BCN 
CD4053BMD 
CD4053BMJ 


CD4060BCJ 
CD4060BCN 
CD4060BMD 
CD4060BMJ 
CD4066BCJ 


CD4066BCN 
CD4066BMD 
CD4066BMJ 
CD4066BPC 
CD4069CN 


CD4069MD 
CD4069MJ 


CD4069UBMD 


CD4070BCJ 
CD4070BCN 


CD4070BMD 
CD4070BMJ 
CD4070CN 
CD4070MD 
CD4070MJ 


CD4071BCJ 
CD4071BCN 
CD4071BMD 
CD4071BMJ 
CD4072BMD 


RCA 
Replacement 


Type 


CD4046BE 
CD4046BD 
CD4046BF 
CD4047BE 
CD4047BD 


CD4047BF 
CD4048BF 
CD4048BE 
CD4048BD 
CD4048BF 


CD4049UBD 
CD4049UBE 
CD4049AE 
CD4049AD 
CD4049AF 


CD4050BF 
CD4050BE 
CD4050BD 
CD4050BF 
CD4051BF 


CD4051BD 
CD4051BF 
CD4052BF 
CD4052BE 
CD4052BD 


CD4052BF 
CD4053BF 
CD4053BE 
CD4053BD 
CD4053BF 


CD4060BF 
CD4060BE 
CD4060BD 
CD4060BF 
CD4066BF 


CD4066BE 
CD4066BD 
CD4066BF 
CD4066BE 
CD4069AE 


CD4069AD 
CD4069AF 


CD4069UBD > 


CD4070BF 
CD4070BE 


CD4070BD 
CD4070BF 
CD4070AE 
CD4070AD 
CD4070AF 


CD4071BF 
CD4071BE 
CD4071BD 
CD4071BF 
CD4072BD 


Industry 
Type 


CD4073BCJ 
CD4073BCN 
CD4073BMD 
CD4073BMJ 
CD4075BCJ 


CD4075BCN 
CD4075BMD 
CD4075BMJ 
CD4076BCJ 
CD4076BCN 


CD4076BMD 
CD4076BMJ 
CD4081BCJ 
CD4081BCN 
CD4081BMD 


CD4081BMJ 
CD4089BCJ 
CD4089BMD 
CD4089BMJ 
CD4093BCJ 


CD4093BCN 
CD4093BMD 
CD4093BMJ 
CD4099BCJ 
CD4099BCN 


CD4099BMD 
CD4099BMJ 
CD4503BCJ 
CD4503BCN 
CD4503BMJ 


CD4503BMD 
CD4510BCJ 
CD4510BCN 
CD4510BMD 
CD4510BMJ 


CD4511BCJ 
CD4511BCN 
CD4511BMD 
CD4512BCJ 
CD4512BCN 


CD4512BMD 
CD4512BMJ 
CD4514BCJ 
CD4514BCN 
CD4514BMD 


CD4514BMJ 
CD4515BCJ 
CD4515BCN 
CD4515BMD 
CD4515BMJ 


CD4516BCJ 
CD4516BCN 
CD4516BMD 
CD4516BMJ 
CD4518BCJ 


RCA 
Replacement 
Type 


CD4073BF 
CD4073BE 
CD4073BD 
CD4073BF 
CD4075BF 


CD4075BE 
CD4075BD 
CD4075BF 
CD4076BF 
CD4076BE 


CD4076BD 
CD4076BF 
CD4081BF 
CD4081BE 
CD4081BD 


CD4081BF 
CD4089BE 
CD4089BD 
CD4089BF 
CD4093BF 


CD4093BE 
CD4093BD 
CD4093BF 
CD4099BF 
CD4099BE 


CD4099BD 
CD4099BF 
CD4503BF 
CD4503BE 
CD4503BF 


CD4503BD 
CD4510BF 
CD4510BE 
CD4510BD 
CD4510BF 


CD4511BF 
CD4511BE 
CD4511BD 
CD4512BF 
CD4512BE 


CD4512BD 
CD4512BF 
CD4514BF 
CD4514BE 
CD4514BD 


CD4514BF 
CD4515BF 
CD4515BE 
CD4515BD 
CD4515BF 


CD4516BF 
CD4516BE 
CD4516BD 
CD4516BF 
CD4518BF 


Industry 
Type 


CD4518BCN 
CD4518BMD 
CD4518BMJ 
CD4520BCJ 
CD4520BCN 


CD4520BMD 
CD4520BMJ 
CD4527BCJ 
CD4527BCN 
CD4527BMD 


CD4528BCJ 
CD4528BCN 
CD4528BMD 
CD4528BMJ 
CD4538BCJ 


CD4538BCN 
CD4538BCN 
CD4538BMD 
CD4538BMJ 
CD4543BCJ 


CD4543BCN 
CD4543BMD 
CD4543BMJ 
CD4724BCJ 
CD4724BCN 


CD4724BMD 
CD4724BMJ 
CD40106BCJ 
CD40106BCN 
CD40106BMD 


CD40106BMJ 
CD40160BCJ 
CD40160BCN 
CD40160BMD 
CD40160BMJ 


CD40161BCJ 
CD40161BCN 
CD40161BMD 
CD40161BMJ 
CD40162BCJ 


CD40162BCN 
CD40162BMD 
CD40162BMJ 
CD40163BCJ 

CD40163BCN 


CD40163BMD 
CD40163BMJ 
CD40174BCJ 
CD40174BCJ 
CD40174BCN 


CD40174BMD 
CD40174BMJ 
CD40175BCJ 

CD40175BMD 
CD40175BMJ 


RCA 


Replacement 
Type 


CD4518BE 
CD4518BD 
CD4518BF 
CD4520BF 
CD4520BE 


CD4520BD 
CD4520BF 
CD4527BF 
CD4527BE 
CD4527BD 


CD4528BF 
CD4528BE 
CD4528BD 
CD4528BF 
CD4538BF 


CD4538BE 
CD4538BE 
CD4538BD 
CD4538BF 
CD4543BF 


CD4543BE 
CD4543BD 
CD4543BF 
CD4724BF 
CD4724BE 


CD4724BD 
CD4724BF 
CD40106BF 
CD40106BE 
CD40106BD 


CD40106BF 
CD40160BF 
CD40160BE 
CD40160BD 
CD40160BF 


CD40161BF 
CD40161BE 
CD40161BD 
CD40161BF 
CD40162BF 


CD40162BE 
CD40162BD 
CD40162BF 
CD40163BF 
CD40163BE 


CD40163BD 
CD40163BF 
CD40174BF 
CD40174BF 
CD40174BE 


CD40174BD 
CD40174BF 
CD40175BF 
CD40175BD 
CD40175BF 


Industry 
Type 


CD40175BCN 
CD40192BCJ 

CD40192BCN 
CD40192BMD 
CD40192BMJ 


CD40193BCJ 
CD40193BCN 
CD40193BMD 
CD40193BMJ 
F4001BDC 


F4001BDM 
F4001BPC 
F4002BDC 
F4002BDM 
F4002BPC 


F4006BDC 
F4006BDM 
F4006BPC 
F4007UBDC 
F4007UBDM 


F4007UBPC 
F4008BDC 
F4008BDM 
F4008BPC 
F4011BDC 


F4011BDM 
F4011BPC 
F4012BDC 
F4012BDM 
F4012BPC 


F4013BDC 
F4013BDM 
F4013BPC 
F4014BDC 
F4014BDM 


F4014BPC 
F4015BDC 
F4015BDM 
F4015BPC 
F4016BDC 


F4016BDM 
F4016BPC 
F4017BDC 
F4017BDM 
F4017BPC 


F4018BDC 
F4018BDM 
F4018BPC 
F4019BDC 
F4019BDM 


F4019BPC 
F4020BDC 
F4020BDM 
F4020BPC 
F4021BDC 


RCA 
Replacement 


Type 


CD40175BE 
CD40192BF 
CD40192BE 
CD40192BD 
CD40192BF 


CD40193BF 
CD40193BE 
CD40193BD 
CD40193BF 
CD4001BF 


CD4001BF 
CD4001BE 
CD4002BF 
CD4002BF 
CD4002BE 


CD4006BF 
CD4006BF 
CD4006BE 
CD4007UBF 
CD4007UBF 


CD4007UBE 
CD4008BF 
CD4008BF 
CD4008BE 
CD4011BF 


CD4011BF 
CD4011BE 
CD4012BF 
CD4012BF 
CD4012BE 


CD4013BF 
CD4013BF 
CD4013BE 
CD4014BF 
CD4014BF 


CD4014BE 
CD4015BF 
CD4015BF 
CD4015BE 
CD4016BF 


CD4016BF 
CD4016BE 
CD4017BF 
CD4017BF 
CD4017BE 


CD4018BF 
CD4018BF 
CD4018BE 
CD4019BF 
CD4019BF 


CD4019BE 
CD4020BF 
CD4020BF 
CD4020BE 
CD4021BF 
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Industry 
Type 


F4021BDM 
F4021BPC 
F4022BDC 
F4022BDM 
F4022BPC 


F4023BDC 
F4023BDM 
F4023BPC 
F4024BDC 
F4024BDM 


F4024BPC 
F4025BDC 
F4025BDM 
F4025BPC 
F4027BDC 


F4027BDM 
F4027BPC 
F4028BDC 
F4028BDM 
F4028BPC 


F4029BDC 
F4029BDM 
F4029BPC 
F4030BDC 
F4030BDM 


F4030BPC 
F4031BDC 
F4031BDM 
F4031BPC 
F4034BDC 


F4034BDM 
F4034BPC 
F4035BDC 
F4035BDM 
F4035BPC 


F4040BDC 
F4040BDM 
F4040BPC 
F4041BDC 
F4041BDM 


F4041BPC 
F4042BDC 
F4042BDM 
F4042BPC 
F4043BDC 


F4043BDM 
F4043BPC 
F4044BDC 
F4044BDM 
F4044BPC 


F4045BDC 
F4045BDM 
F4045BPC 
F4046BDC 
F4046BDM 


RCA 
Replacement 


Type 


CD4021BF 
CD4021BE 
CD4022BF 
CD4022BF 
CD4022BE 


CD4023BF 
CD4023BF 
CD4023BE 
CD4024BF 
CD4024BF 


CD4024BE 
CD4025BF 
CD4025BF 
CD4025BE 
CD4027BF 


CD4027BF 
CD4027BE 
CD4028BF 
CD4028BF 
CD4028BE 


CD4029BF 
CD4029BF 
CD4029BE 
CD4030BF 
CD4030BF 


CD4030BE 
CD4031BF 
CD4031BF 
CD4031BE 
CD4034BF 


CD4034BF 
CD4034BE 
CD4035BF 
CD4035BF 
CD4035BE 


CD4040BF 
CD4040BF 
CD4040BE 
CD4041BF 
CD4041BF 


CD4041BE 
CD4042BF 
CD4042BF 
CD4042BE 
CD4043BF 


CD4043BF 
CD4043BE 
CD4044BF 
CD4044BF 
CD4044BE 


CD4045BF 
CD4045BF 
CD4045BE 
CD4046BF 
CD4046BF 


Industry 
Type 


F4046BPC 
F4047BDC 
F4047BDM 
F4047BPC 
F4049BDC 


F4049BDM 
F4049BPC 
F4050BDC 
F4050BDM 
F4050BPC 


F4051BDC 
F4051BDM 
F4051BPC 
F4052BCD 
F4052BDM 


F4052BPC 
F4053BDC 
F4053BDM 
F4053BPC 
F4066BDC 


F4066BDM 
F4066BPC 
F4067BDC 
F4067BDM 
F4067BPC 


F4068BDC 
F4068BDM 
F4068BPC 


F4069UBDC 
F4069UBDM 


F4069UBPC 


F4070BDC 
F4070BDM 
F4070BPC 
F4071BDC 


F4071BDM 
F4071BPC 
F4072BDC 
F4072BDM 
F4072BPC 


F4073BDC 
F4073BDM 
F4073BPC 
F4075BDC 
F4075BDM 


F4075BPC 
F4076BDC 
F4076BDM 
F4076BPC 
F4077BDC 


F4077BDM 
F4077BPC 
F4078BDC 
F4078BDM 
F4078BPC 


Cross-Reference Guide 


RCA 
Replacement 


Type 


CD4046BE 
CD4047BF 
CD4047BF 
CD4047BE 
CD4049UBF 


CD4049UBF 
CD4049UBF 


CD4050BF 
CD4050BF 
CD4050BE 


CD4051BF 
CD4051BF 
CD4051BE 
CD4052BF 
CD4052BF 


CD4052BE 
CD4053BF 
CD4053BF 
CD4053BE 
CD4066BF 


CD4066BF 
CD4066BE 
CD4067BF 
CD4067BF 
CD4067BE 


CD4067BF 
CD4067BF 
CD4067BE 


CD4069UBF 
CD4069UBF 


CD4069UBE 


CD4070BF 
CD4070BF 
CD4070BE 
CD4071BF 


CD4071BF 
CD4071BE 
CD4072BF 
CD4072BF 
CD4072BE 


CD4073BF 
CD4073BF 
CD4073BE 
CD4075BF 
CD4075BF 


CD4075BE 
CD4076BF 
CD4076BF 
CD4076BE 
CD4077BF 


CD4077BF 
CD4077BE 
CD4078BF 
CD4078BF 
CD4078BE 


Industry 
Type 


F4081BDC 
F4081BDM 
F4081BPC 
F4082BDC 
F4082BDM 


F4082BPC 
F4085BDC 
F4085BDM 
F4085BPC 
F4086BDC 


F4086BDM 
F4086BPC 
F4093BDC 
F4093BDM 
F4093BPC 


F4510BDC 
F4510BDM 
F4510BPC 
F4511BDC 
F4511BDM 


F4511BPC 
F4512BDC 
F4512BDM 
F4512BPC 
F4514BDC 


F4514BDM 
F4514BPC 
F4515BDC 
F4515BDM 
F4515BPC 


F4516BDC 
F4516BDM 
F4516BPC 
F4518BDC 
F4518BDM 


F4518BPC 
F4520BDC 
F4520BDM 
F4520BPC 
F4527BDC 


F4527BDM 
F4527BPC 
F4532BDC 
F4532BDM 
F4532BPC 


F4538BDC 
F4538BDM 
F4538BPC 
F4543BDC 
F4543BDM 


F4543BPC 
F4555BDC 
F4555BDM 
F4555BPC 
F4556BDC 


RCA 


Replacement 


Type 


CD4081BF 
CD4081BF 
CD4081BE 
CD4082BF 
CD4082BF 


CD4082BE 
CD4085BF 
CD4085BF 
CD4085BE 
CD4086BF 


CD4086BF 
CD4086BE 
CD4093BF 
CD4093BF 
CD4093BE 


CD4510BF 
CD4510BF 
CD4510BE 
CD4511BF 
CD4511BF 


CD4511BE 
CD4512BF 
CD4512BF 
CD4512BE 
CD4514BF 


CD4514BF 
CD4514BE 
CD4515BF 
CD4515BF 
CD4515BE 


CD4516BF 
CD4516BF 
CD4516BE 
CD4518BF 
CD4518BF 


CD4518BE 
CD4520BF 
CD4520BF 
CD4520BE 
CD4527BF 


CD4527BF 
CD4527BE 
CD4532BF 
CD4532BF 
CD4532BE 


CD4538BF 
CD4538BF 
CD4538BE 
CD4543BF 
CD4543BF 


CD4543BE 
CD4555BF 
CD4555BF 
CD4555BE 
CD4556BF 


Industry 
Type 


F4556BDM 
F4556BPC 
F4581BDC 
F4581BDM 
F4581BPC 


F4582BDC 
F4582BDM 


F4582BPC 
F4724BDC 
F4724BDM 


F4724BPC 

F40160BDC 
F40160BDM 
F40160BPC 
F40161BDC 


F40161BDM 
F40161BPC 
F40162BDC 
F40162BDM 
F40162BPC 


F40163BDC 
F40163BDM 
F40163BPC 
F40174BDC 
F40174BDM 


F40174BPC 
F40175BDC 
F40175BDM 
F40175BPC 
F40192BDC 


F40192BDM 
F40192BPC 
F40193BDC 
F40193BDM 
F40193BPC 


HCF4000BD 
HCF4000BE 
HCF4000BF 
HCF4001BD 
HCF4001BE 


HCF4001BF 
HCF4001BE 
HCF4002BD 
HCF4002BF 
HCF4002BE 


HCF4006BD 
HCF4006BF 
HCF4007UBD 
HCF4007UBE 
HCF4007UBF 


HCF4008BD 
HCF4008BE 
HCF4008BF 
HCF4011BD 
HCF4011BE 


RCA 
Replacement 


Type 


CD4556BF 
CD4556BE 
CD40181BF 
CD40181BF 
CD40181BE 


CD40182BF 
CD40182BF 
CD40182BE 
CD4724BF 
CD4724BF 


CD4724BE 

CD40160BF 
CD40160BF 
CD40160BE 
CD40161BF 


CD40161BF 
CD40161BE 
CD40162BF 
CD40162BF 
CD40162BE 


CD40163BF 
CD40163BF 
CD40163BE 
CD40174BF 
CD40174BF 


CD40174BE 
CD40175BF 
CD40175BF 
CD40175BE 
CD40192BF 


CD40192BF 
CD40192BE 
CD40193BF 
CD40193BF 
CD40193BE 


CD4000BD 
CD4000BE 
CD4000BF 
CD4001BD 
CD4001BE 


CD4001BF 
CD4001BE 
CD4002BD 
CD4002BF 
CD4002BE 


CD4006BD 
CD4006BF 
CD4007UBD 
CD4007UBE. 
CD4007UBF 


CD4008BD 
CD4008BE 
CD4008BF 
CD4011BD 
CD4011BE 


Cross-Reference Guide 


RCA RCA 
Industry Replacement Industry Replacement 
Type Type Type Type 


RCA 
Industry Replacement 
Type Type 


HCF4011BF CD4011BF HCF4030BD CD4030BD 
HCF4012BD CD4012BD HCF4030BE CD4030BE 
HCF4012BE CD4012BE HCF4030BF CD4030BF 
HCF4012BF CD4012BF HCF4031BD CD4031BD 
HCF4013BD CD4013BD HCF4031BE CD4031BE 


HCF4013BE CD4013BE HCF4031BF CD4031BF 
HCF4013BF CD4013BF HCF4032BD CD4032BD 
HCF4014BD CD4014BD HCF4032BE CD4032BE 
HCF4014BE CD4014BE HCF4032BF CD4032BF 
HCF4014BF CD4014BF HCF4033BD CD4033BD 


HCF4015BD CD4015BD HCF4033BE CD4033BE 
HCF4015BE CD4015BE HCF4033BF CD4033BF 
HCF4015BF CD4015BF HCF4034BD CD4034BD 
HCF4016BD CD4016BD HCF4034BE CD4034BE 
HCF4016BE CD4016BE HCF4034BF CD4034BF 


HCF4016BF CD4016BF HCF4035BD CD4035BD 
HCF4017BD CD4017BD HCF4035BE CD4035BE 
HCF4017BE CD4017BE HCF4035BF CD4035BF 
HCF4017BF CD4017BF HCF4040BD CD4040BD 
HCF4018BD CD4018BD HCF4040BE CD4040BE 


HCF4018BE CD4018BE HCF4040BF CD4040BF 
HCF4018BF CD4018BF HCF4041UBD CD4041UBD 
HCF4019BD CD4019BD HCF4041UBE CD4041UBE 
HCF4019BE CD4019BE HCF4041UBF CD4041UBF 
HCF4019BF CD4019BF HCF4042BD CD4042BD 


HCF4020BD CD4020BD HCF4042BE CD4042BE 
HCF4020BE CD4020BE HCF4042BF CD4042BF 
HCF4020BF CD4020BF HCF4043BD CD4043BD 
HCF4021BD CD4021BD HCF4043BE CD4043BE 
HCF4021BE CD4021BE HCF4043BF CD4043BF 


HCF4021BF CD4021BF HCF4044BD CD4044BD 
HCF4022BD CD4022BD HCF4044BE CD4044BE 
HCF4022BE CD4022BE HCF4044BF CD4044BF 
HCF4022BF CD4022BF HCF4045BD CD4045BD 
HCF4023BD CD4023BD HCF4045BE CD4045BE 


HCF4023BE CD4023BE HCF4045BF CD4045BF 
HCF4023BF CD4023BF HCF4046BD CD4046BD 
HCF4024BD CD4024BD HCF4046BE CD4046BE 
HCF4024BE CD4024BE HCF4046BF CD4046BF 
HCF4024BF CD4024BF HCF4047BD CD4047BD 


HCF4025BD CD4025BD HCF4047BE CD4047BE 
HCF4025BE CD4025BE HCF4047BF CD4047BF 
HCF4025BF CD4025BF HCF4048BD CD4048BD 
HCF4026BD CD4026BD HCF4048BE CD4048BE 
HCF4026BE CD4026BE HCF4048BF CD4048BF 


HCF4026BF CD4026BF HCF4049UBD CD4049UBD 
HCF4027BD CD4027BD HCF4049UBE CD4049UBE 
HCF4027BE CD4027BE HCF4049UBF CD4049UBF 
HCF4027BF CD4027BF HCF4050BD CD4050BD 
HCF4028BD CD4028BD HCF4050BE CD4050BE 


HCF4028BE CD4028BE HCF4050BF CD4050BF 
HCF4028BF CD4028BF HCF4051BD CD4051BD 
HCF4029BD CD4029BD HCF4051BE CD4051BE 
HCF4029BE CD4029BE HCF4051BF CD4051BF 
HCF4029BF CD4029BF HCF4052BD CD4052BD 


HCF4052BE CD4052BE 
HCF4052BF CD4052BF 
HCF4053BD CD4053BD 
HCF4053BE CD4053BE 
HCF4053BF CD4053BF 


HCF4054BD CD4054BD 
HCF4054BE CD4054BE 
HCF4054BF CD4054BF 
HCF4055BD CD4055BD 
HCF4055BE CD4055BE 


HCF4055BF CD4055BF 
HCF4056BD CD4056BD 
HCF4056BE CD4056BE 
HCF4056BF CD4056BF 
HCF4060BD CD4060BD 


HCF4060BE CD4060BE 
HCF4060BF CD4060BF 
HCF4063BD CD4063BD 
HCF4063BE CD4063BE 
HCF4063BF CD4063BF 


HCF4066BD CD4066BD 
HCF4066BE CD4066BE 
HCF4066BF CD4066BF 
HCF4067BD CD4067BD 
HCF4067BE CD4067BE 


HCF4067BF CD4067 BF 
HCF4068BD CD4068BD 
HCF4068BE CD4068BE 
HCF4068BF CD4068BF 
HCF4069UBD CD4069UBD 


HCF4069UBE CD4069UBE 
HCF4069UBF CD4069UBF 
HCF4070BD CD4070BD 
HCF4070BE CD4070BE 
HCF4070BF CD4070BF 


HCF4071BD CD4071BD 
HCF4071BE CD4071BE 
HCF4071BF CD4071BF 
HCF4072BD CD4072BD 
HCF4072BE CD4072BE 


HCF4072BF CD4072BF 
HCF4073BD CD4073BD 
HCF4073BE CD4073BE 
HCF4073BF CD4073BF 
HCF4075BD CD4075BD 


HCF4075BE CD4075BE 
HCF4075BF CD4075BF 
HCF4076BD CD4076BD 
HCF4076BE CD4076BE 
HCF4076BF CD4076BF 


HCF4077BD CD4077BD 
HCF4077BE CD4077BE 
HCF4077BF CD4077BF 
HCF4078BD CD4078BD 
HCF4078BE CD4078BE 


35 


Industry 
Type 


HCF4078BF 
HCF4081BD 
HCF4081BE 
HCF4081BF 
HCF4082BD 


HCF4082BE 
HCF4082BF 
HCF4085BD 
HCF4085BE 
HCF4085BF 


HCF4086BD 
HCF4086BE 
HCF4086BF 
HCF4089BD 
HCF4089BE 


HCF4089BF 
HCF4093BD 
HCF4093BE 
HCF4093BF 
HCF4094BD 


HCF4094BE 
HCF4094BF 
HCF4095BD 
HCF4095BE 
HCF4095BF 


HCF4096BD 
HCF4096BE 
HCF4096BF 
HCF4097BD 
HCF4097BE 


HCF4097BF 
HCF4098BD 
HCF4098BE 
HCF4098BF 
HCF4099BD 


HCF4099BE 
HCF4099BF 
HCF4502BD 
HCF4502BE 
HCF4502BF 


HCF4508BD 
HCF4508BE 
HCF4508BF 
HCF4510BD 
HCF4510BE 


HCF4510BF 
HCF4511BD 
HCF4511BE 
HCF4511BF 
HCF4512BD 


HCF4512BE 
HCF4512BF 
HCF4514BD 
HCF4514BE 
HCF4514BF 


Cross-Reference Guide 


RCA 
Replacement 


Type 


CD4078BF 
CD4081BD 
CD4081BE 
CD4081BF 
CD4082BD 


CD4082BE 
CD4082BF 
CD4085BD 
CD4085BE 
CD4085BF 


CD4086BD 
CD4086BE 
CD4086BF 
CD4089BD 
CD4089BE 


CD4089BF 
CD4093BD 
CD4093BE 
CD4093BF 
CD4094BD 


CD4094BE 
CD4094BF 
CD4095BD 
CD4095BE 
CD4095BF 


CD4096BD 
CD4096BE 
CD4096BF 
CD4097BD 
CD4097BE 


CD4097BF 
CD4098BD 
CD4098BE 
CD4098BF 
CD4099BD 


CD4099BE 
CD4099BF 
CD4502BD 
CD4502BE 
CD4502BF 


CD4508BD 
CD4508BE 
CD4508BF 
CD4510BD 
CD4510BE 


CD4510BF 
CD4511BD 
CD4511BE 
CD4511BF 
CD4512BD 


CD4512BE 
CD4512BF 
CD4514BD 
CD4514BE 
CD4514BF 


Industry 
Type 


HCF4515BD 


HCF4515BE 
HCF4515BF 
HCF4516BD 
HCF4516BE 


HCF4516BF 
HCF4518BD 
HCF4518BE 
HCF4518BF 
HCF4520BD 


HCF4520BE 
HCF4520BF 
HCF4527BD 
HCF4527BE 
HCF4527BF 


HCF4532BD 
HCF4532BE 
HCF4532BF 
HCF4555BD 
HCF4555BE 


HCF4555BF 
HCF4556BD 
HCF4556BE 
HCF4556BF 
HD14503B 


HD14541B 
HD174C04 
HD174C014 
HD174C86 
HD174C86 


HD374C04 
HD374C14 
HD374C160 
HD374C161 
HD374C162 


HD374C163 
HD374C164 
HD374C165 
HD374C173 
HD374C174 


HD374C192 
HD374C193 
HEF4000B 
HEF4000BD 
HEF4001B 


HEF4001UB 
HEF4002B 
HEF4006B 
HEF4007UB 
HEF4008B 


HEF4011B 
HEF4011UB 
HEF4012B 
HEF4013B 
HEF4014B 


RCA 
Replacement 
Type 


CD4515BD 
CD4515BE 
CD4515BF 
CD4516BD 
CD4516BE 


CD4516BF 
CD4518BD 
CD4518BE 
CD4518BF 
CD4520BD 


CD4520BE 
CD4520BF 
CD4527BD 
CD4527BE 
CD4527BF 


CD4532BD 
CD4532BE 
CD4532BF 
CD4555BD 
CD4555BE 


CD4555BF 
CD4556BD 
CD4556BE 
CD4556BF 
CD4503BE 


CD4541BE 
CD4096BD 
CD40106BD 
CD4030BD 
CD4070BD 


CD4069BE 

CD40106BE 
CD40160BE 
CD40161BE 
CD40162BE 


CD40163BE 
CD4015BE 
CD4021BE 
CD4076BE 
CD40174BE 


CD40192BE 
CD40193BE 
CD4000BE 
CD4000BE 
CD4001BE 


CD4001UBE 
CD4002BE 
CD4006BE 
CD4007UBE 
CD4008BE 


CD4011BE 
CD4011UBE 
CD4012BE 
CD4013BE 
CD4014BE 


Industry 
Type 


HEF4015B 
HEF4016B 
HEF4017B 
HEF4018B 
HEF4019B 


HEF4020B 
HEF4021B 
HEF4022B 
HEF4023B 
HEF4024B 


HEF4025B 
HEF4027B 
HEF4028B 
HEF4029B 
HEF4030B 


HEF4031B 
HEF4035B 
HEF4040B 
HEF4041B 
HEF4042B 


~ HEF4043B 


HEF4044B 
HEF4046B 
HEF4047B 
HEF4049B 


HEF4050B 
HEF4051B 
HEF4052B 
HEF4053B 
HEF4059B 


HEF4060B 
HEF4066B 
HEF4067B 
HEF4068B 
HEF4069UB 


HEF4070B 
HEF4071B 
HEF4072B 
HEF4073B 
HEF4075B 


HEF4076B 
HEF4077B 
HEF4078B 
HEF4081B 
HEF4082B 


HEF4085B 
HEF4086B 
HEF4093B 
HEF4094B 
HEF4502B 


HEF4508B 
HEF4510B 
HEF4511B 
HEF4512B 
HEF4514B 


RCA 
Replacement 


Type 


CD4015BE 
CD4016BE 
CD4017BE 
CD4018BE 
CD4019BE 


CD4020BE 
CD4021BE 
CD4022BE 
CD4023BE 
CD4024BE 


CD4025BE 
CD4027BE 
CD4028BE 
CD4029BE 
CD4030BE 


CD4031BE 
CD4035BE 
CD4040BE 
CD4041BE 
CD4042BE 


CD4043BE 
CD4044BE 
CD4046BE 
CD4047BE 
CD4049UBE 


CD4050BE 
CD4051BE 
CD4052BE 
CD4053BE 
CD4059BE 


CD4060BE 
CD4066BE 
CD4067BE 
CD4068BE 
CD4069UBE 


CD4070BE 
CD4071BE 
CD4072BE 
CD4073BE 
CD4075BE 


CD4076BE 
CD4077BE 
CD4078BE 
CD4081BE 
CD4082BE 


CD4085BE 
CD4086BE 
CD4093BE 
CD4094BE 
CD4502BE 


CD4508BE 
CD4510BE 
CD4511BE 
CD4512BE 
CD4514BE 


Industry 
Type 


HEF4515B 
HEF4516B 
HEF4517B 
HEF4518B 
HEF4520B 


HEF4527B 
HEF4532B 
HEF4538B 
HEF4541B 
HEF4543B 


HEF4555B 
HEF4556B 
HEF4585B 
HEF4724B 


RCA 


Replacement 


Type 


CD4515BE 
CD4516BE 
CD4517BE 
CD4518BE 
CD4520BE 


CD4527BE 
CD4532BE 
CD4538BE 
CD4541BE 
CD4543BE 


CD4555BE 
CD4556BE 
CD4585BE 
CD4724BE 


Industry 
Type 


MC14010BCP 
MC14011BAL 
MC14011BCL 
MC14011BCP 
MC14011UBAL 


MC14011UBCL 
MC14011UBCP 
MC14012BAL 
MC14012BCL 
MC14012BCP 


MC14012UBAL 
MC14012UBCL 
MC14012UBCP 
MC14013BAL 


RCA 
Replacement 


Type 


CD4010BE 
CD4011BF 
CD4011BF 
CD4011BE 
CD4011UBF 


CD4011UBF 
CD4011UBE 
CD4012BF 
CD4012BF 
CD4012BE 


CD4012UBF 
CD4012UBF 
CD4012UBE 
CD4013BF 


Cross-Reference Guide 


Industry 
Type 


MC14025UBAL 
MC14025UBCL 
MC14025UBCP 
MC14027BAL 
MC14027BCL 


MC14027BCP 
MC14028BAL 
MC14028BCL 
MC14028BCP 
MC14029BAL 


MC14029BCL 
MC14029BCP 
MC14032BAL 
MC14032BCL 


RCA 


Replacement 


Type 


CD4025UBF 
CD4025UBF 
CD4025UBE 


CD4027BF 
CD4027BF 


CD4027BE 
CD4028BF 
CD4028BF 
CD4028BE 
CD4029BF 


CD4029BF 
CD4029BE 
CD4032BF 
CD4032BF 


HEF40160B 


HEF40161B 
HEF40162B 
HEF40163B 
HEF40174B 
HEF40175B 


HEF40192B 
HEF40193B 
HEF40194B 
MC14000BAL 
MC14000BCL 


MC14000BCP 
MC14000UBAL 
MC14000UBCL 
MC14000UBCP 
MC14001BAL 


MC14001BCL 
MC14001BCP 
MC14001UBAL 
MC14001UBCL 
MC14001UBCP 


MC14002BAL 
MC14002BCL 
MC14002BCP 
MC14002UBAL 
MC14002UBCL 


MC14002UBCP 
MC14006BAL 
MC14006BCL 
MC14006BCP 
MC14007BCL 


MC14007UBAL 
MC14007UBCL 
MC14007UBCP 
MC14008BAL 
MC14008BCL 


MC14008BCP 
MC14009UBAL 
MC14009UBCL 
MC14009UBCP 
MC14010BAL 


CD40160BE 


CD40161BE 
CD40162BE 
CD40163BE 
CD40174BE 
CD40175BE 


CD40192BE 
CD40193BE 
CD40194BE 
CD4000BF 
CD4000BF 


CD4000BE 
CD4000UBF 
CD4000UBF 
CD4000UBE 
CD4001BF 


CD4001BF 
CD4001BE 
CD4001UBF 
CD4001 UBF 
CD4001UBE 


CD4002BF 
CD4002BF 
CD4002BE 
CD4002UBF 
CD4002UBF 


CD4002UBE 
CD4006BF 
CD4006BF 
CD4006BE 
CD4007UBF 


CD4007UBF 
CD4007UBF 
CD4007UBE 
CD4008BF 
CD4008BF 


CD4008BE 
CD4009UBF 
CD4009UBF 
CD4009UBE 
CD4010BF 


MC14013BCL 


MC14013BCP 
MC14014BAL 
MC14014BCL 
MC14014BCP 
MC14015BAL 


MC14015BCL 
MC14015BCP 
MC14016BAL 
MC14016BCL 
MC14016BCP 


MC14017BAL 
MC14017BCL 
MC14017BCP 
MC14018BAL 
MC14018BCL 


MC14018BCP 
MC14019BAL 
MC14019BCL 
MC14019BCP 
MC14020BAL 


MC 14020BCL 
MC14020BCP 
MC14021BAL 
MC14021BCL 
MC14021BCP 


MC14022BAL 
MC14022BCL 
MC14022BCP 
MC14023BAL 
MC14023BCL 


MC14023BCP 
MC14023UBAL 
MC14023UBCL 
MC14023UBCP 
MC14024BAL 


MC14024BCL 
MC14024BCP 
MC14025BAL 
MC14025BCL 
MC14025BCP 


CD4013BF 


CD4013BE 
CD4014BF 
CD4014BF 
CD4014BE 
CD4015BF 


CD4015BF 
CD4015BE 
CD4016BF 
CD4016BF 
CD4016BE 


CD4017BF 
CD4017BF 
CD4017BE 
CD4018BF 
CD4018BF 


CD4018BE 
CD4019BF 
CD4019BF 
CD4019BE 
CD4020BF 


CD4020BF 
CD4020BE 
CD4021BF 
CD4021BF 
CD4021BE 


CD4022BF 
CD4022BF 
CD4022BE 
CD4023BF 
CD4023BF 


CD4023BE 
CD4023UBF 
CD4023UBF 
CD4023UBE 
CD4024BF 


CD4024BF 
CD4024BE 
CD4025BF 
CD4025UBF 
CD4025BE 


MC14032BCP 


MC14034BAL 
MC14034BCL 
MC14034BCP 
MC14035BAL 
MC14035BCL 


MC14035BCP 
MC14038BAL 
MC14038BCL 
MC14038BCP 
MC14040BAL 


MC14040BCL 
MC14040BCP 
MC14042BAL 
MC14042BCL 
MC14042BCP 


MC14043BAL 
MC14043BCL 
MC14043BCP 
MC14044BAL 
MC14044BCL 


MC14044BCP 
MC14046BAL 
MC14046BCL 
MC14046BCP 
MC14049UBAL 


MC14049UBCL 
MC14049UBCP 
MC14050BAL 
MC14050BCL 
MC14050BCP 


MC14051BAL 
MC14051BCL 
MC14051BCP 
MC14052BAL 
MC14052BCL 


MC14052BCP 
MC14053BAL 
MC14053BCP 
MC14053BCP 
MC14060BAL 


CD4032BE 


CD4034BF 
CD4034BF 
CD4034BE 
CD4035BF 
CD4035BF 


CD4035BE 
CD4038BF 
CD4038BF 
CD4038BE 
CD4040BF 


CD4040BF 
CD4040BE 
CD4042BF 
CD4042BF 
CD4042BE 


CD4043BF 
CD4043BF 
CD4043BE 
CD4044BF 
CD4044BF 


CD4044BE 
CD4046BF 
CD4046BF 
CD4046BE 
CD4049UBF 


CD4049UBF 
CD4049UBE 
CD4050BF 
CD4050BF 
CD4050BE 


CD4051BF 
CD4051BF 
CD4051BE 
CD4052BF 
CD4052BF 


CD4052BE 
CD4053BF 
CD4053BE 
CD4053BE 
CD4060BF 
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RCA 
Industry Replacement 
Type Type 


RCA 
Industry Replacement 
Type Type 


RCA 
Industry Repiacement 


Type Type 


MC14060BCL CD4060BF MC14161BCP CD40161BE MC14517BCL CD4517BF 
MC14060BCP CD4060BE MC14162BAL CD40162BF MC14517BCP CD4517BE 
MC14066BAL CD4066BF MC14162BCL CD40162BF MC14518BAL CD4518BF 
MC14066BCL CD4066BF MC14163BAL CD40163BF MC14518BCL CD4518BF 
MC14066BCP CD4066BE MC14163BCL CD40163BF MC14518BCP CD4518BE 


MC14068BAL CD4068BF MC14163BCP CD40163BE MC 14520BAL CD4520BF 
MC14068BCL CD4068BF MC14174BAL CD40174BF MC14520BCL CD4520BF 
MC14068BCP CD4068BE MC14174BCL CD40174BF MC14520BCP CD4520BE 
MC14069UBAL CD4069UBF MC14174BCP CD40174BE MC14527BAL CD4527BF 
MC14069UBCL CD4069UBF MC14175BAL CD40175BF MC14527BCL CD4527 BF 


MC14069UBCP CD4069UBE MC14175BCL CD40175BF MC14527BCP CD4527BE 
MC14070BAL CD4070BF MC14175BCP CD40175BE MC14532BAL CD4532BF 
MC14070BCL CD4070BF MC14181BAL CD40181BF MC14532BCL CD4532BF 
MC14070BCP CD4070BE MC14181BCL CD40181BF MC14532BCP CD4532BE 
MC14071BAL CD4071BF MC14181BCP CD40181BE MC14536BAL CD4536BF | 


MC14071BCL CD4071BF MC14182BAL CD40182BF MC 14536BCL CD4536BF 
MC14071BCP CD4071BE MC14182BCL CD40182BF MC14536BCP CD4536BE 
MC14072BAL CD4072BF MC14182BCP CD40182BE MC14538BAL CD4538BF 
MC14072BCL CD4072BF MC14194BAL CD40194BF MC14538BCL CD4538BF 
MC14072BCP CD4072BE MC14194BCL CD40194BF MC14538BCP CD4538BE 


MC14073BAL CD4073BF MC14194BCP CD40194BE MC14541BAL CD4541BF 
MC14073BCL CD4073BF MC14413L CD22413F MC14541BCL CD4541BF 
MC14073BCP CD4073BE MC14413P CD22413E MC14541BCP CD4541BE 
MC14075BAL CD4075BF MC14414L CD22414F MC14543BAL CD4543BF 
MC14075BCL CD4075BF MC14414P CD22414E MC14543BCL CD4543BF 


MC14075BCP CD4075BE MC14502BAL CD4502BD MC14543BCP CD4543BE 
MC14076BAL CD4076BF MC14502BCL CD4502BF MC14555BAL CD4555BF 
MC14076BCL CD4076BF MC14502BCP CD4502BE MC14555BCL CD4555BF 
MC14076BCP CD4076BE MC14503BAL CD4503BF MC14555BCP CD4555BE 
MC14077BAL CD4077BF MC14503BCL CD4503BF MC14556BAL CD4556BF 


MC14077BCL CD4077BF MC14504BAL CD40109BF MC14556BCL CD4556BF 
MC14077BCP CD4077BE MC14504BCL CD4504BF MC14556BCP CD4556BE 
MC14078BAL CD4078BF MC14504BCP CD40109BE MC14581BAL CD40181BF 
MC14078BCL CD4078BF MC14508BAL CD4508BF MC14581BCL CD40181BF 
MC14078BCP CD4078BE MC14508BCL CD4508BF MC14581BCP CD40181BE 


MC14081BAL CD4081BF MC 14508BCP CD4508BE MC14582BAL CD40182BF 
MC14081BCL CD4081BF MC14510BAL CD4510BF MC14582BCL CD40182BF 
MC14081BCP CD4081BE MC14510BCL CD4510BF MC14582BCP CD40182BE 
MC14082BAL CD4082BF MC14510BCP CD4510BE MC14584BAL CD40106BF 
MC14082BCL CD4082BF MC14511BAL CD4511BF MC14584BCL CD40106BF 


MC14082BCP CD4082BE MC14511BCL CD4511BF MC14584BCP CD40106BE 
MC14093BAL CD4093BF MC14511BCP CD4511BE MC14585BAL CD4585BF 
MC14093BCL CD4093BF MC14511BMJ CD4511BF MC14585BCL CD4585BF 
MC14093BCP CD4093BE MC14512BAL CD4512BF MC14585BCP CD4585BE 
MC14094BAL CD4094BF MC14512BCL CD4512BF MC15000UBAL CD4000UBF 


MC14094BCL CD4094BF MC14512BCP CD4512BE MC15162BCP CD40162BE 
MC14094BCP CD4094BE MC14514BAL CD4514BF MC15403BCP CD4503BE 
MC14099BAL CD4099BF MC14514BCL CD4514BF MC3419 CD22419 
MC14099BCL CD4099BF MC14514BCP CD4514BE MM54C04D CD4069BF 
MC14099BCP CD4099BE MC14515BAL CD4515BF MM54C160D CD40160BF 


MC14160BAL CD40160BF MC14515BCP CD4515BE MM54C161D CD40161BF 
MC14160BCL CD40160BF MC14516BAL CD4516BF MM54C162D CD40162BF 
MC14160BCP CD40160BE MC14516BCL CD4516BF MM54C163D CD40163BF 
MC14161BAL CD40161BF MC14516BCP CD4516BE MM54C173D CD4076BF 

MC14161BCL CD40161BF MC14517BAL CD4517BF MM54C174D CD40174BF 
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Industry 
Type 


MM74CO4N 

MM74C160N 
MM74C161N 
MM74C162N 
MM74C163N 


MM74C164N 
MM74C165N 
MM74C173N 
MM74C174N 
MSM4036 


MSM4039 
MSM4061 
MSM4061A 
S2859P 
SCL4000BC 


SCL4000BD 
SCL4001BC 
SCL4001BD 
SCL4001BE 
SCL4001UBC 


SCL4001UBD 
SCL4001UBE 
SCL4002BC 
SCL4002BD 
SCL4002BE 


SCL4006ABC 
SCL4006ABD 
SCL4006ABE 
SCL4006BC 
SCL4006BD 


SCL4006BE 
SCL4007UBC 
SCL4007UBD 
SCL4007UBE 
SCL4008BC 


SCL4008BD 
SCL4008BE 
SCL4009UBC 
SCL4009UBD 
SCL4009UBE 


SCL4010BC 
SCL4010BD 
SCL4010BE 
SCL4011BC 
SCL4011BD 


SCL4011BE 
SCL4011UBC 
SCL4011UBD 
SCL4011UBE 
SCL4012BC 


SCL4012BD 
SCL4012BE 
SCL4013BC 
SCL4013BD 
SCL4013BE 


RCA 
Replacement 


Type 


CD4068BE 

CD40160BE 
CD40161BE 
CD40162BE 
CD40163BE 


CD4015BE 
CD4021BE 
CD4076BE 
CD40174BE 
CD4036A 


CD4039A 
CD4061 
CD4061A 
CD22859E 
CD4000BF 


CD4000BD 
CD4001BF 
CD4001BD 
CD4001BE 
CD4001UBF 


CD4001UBD 
CD4001UBE 
CD4002BF 
CD4002BD 
CD4002BE 


CD4006BF 
CD4006BD 
CD4006BE 
CD4006BF 
CD4006BD 


CD4006BE 
CD4007UBF 
CD4007UBD 
CD4007UBE 
CD4008BF 


CD4008BD 
CD4008BE 
CD4009UBF 
CD4009UBD 
CD4009UBE 


CD4010BF 
CD4010BD 
CD4010BE 
CD4011BF 
CD4011BD 


CD4011BE 
CD4011UBF 
CD4011UBD 
CD4011UBE 
CD4012BF 


CD4012BD 
CD4012BE 
CD4013BF 
CD4013BD 
CD4013BE 


Industry 
Type 


SCL4014BC 
SCL4014BD 
SCL4014BE 
SCL4015BC 
SCL4015BD 


SCL4015BE 
SCL4016BC 
SCL4016BD 
SCL4016BE 
SCL4017BC 


SCL4017BD 
SCL4017BE 
SCL4018BC 
SCL4018BD 
SCL4018BE 


SCL4019BC 
SCL4019BD 
SCL4019BE 
SCL4020ABC 
SCL4020ABD 


SCL4020ABE 
SCL4020BC 
SCL4020BD 
SCL4020BE 
SCL4021BC 


SCL4021BD 
SCL4021BE 
SCL4022ABC 
SCL4022ABD 
SCL4022ABE 


SCL4022BC 
SCL4022BD 
SCL4022BE 
SCL4023BC 
SCL4023BD 


SCL4023BE 
SCL4024BC 
SCL4024BD 
SCL4024BE 
SCL4025BC 


SCL4025BD 
SCL4025BE 
SCL4026ABC 
SCL4026ABD 
SCL4026ABE 


SCL4027BC 
SCL4027BD 
SCL4027BE 
SCL4028BC 
SCL4028BD 


SCL4028BE 
SCL4029BC 
SCL4029BD 
SCL4029BE 
SCL4030BC 


RCA 
Replacement 


Type 


CD4014BF 
CD4014BD 
CD4014BE 
CD4015BF 
CD4015BD 


CD4016BE 
CD4016BF 
CD4016BD 
CD4016BE 
CD4017BF 


CD4017BD 
CD4017BE 
CD4018BF 
CD4018BD 
CD4018BE 


CD4019BF 
CD4019BD 
CD4019BE 
CD4020BF 
CD4020BD 


CD4020BE 
CD4020BF 
CD4020BD 
CD4020BE 
CD4021BF 


CD4021BD 
CD4021BE 
CD4022BF 
CD4022BD 
CD4022BE 


CD4022BF 
CD4022BD 
CD4022BE 
CD4023BF 
CD4023BD 


CD4023BE 
CD4024BF 
CD4024BD 
CD4024BE 
CD4025BF 


CD4025BD 
CD4025BE 
CD4026BF 
CD4026BD 
CD4026BE 


CD4027BF 
CD4027BD 
CD4027BE 
CD4028BF 
CD4028BD 


CD4028BE 
CD4029BF 
CD4029BD 
CD4029BE 
CD4030BF 
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Industry 
Type 


SCL4030BD 
SCL4030BE 
SCL4033ABC 
SCL4033ABD 
SCL4034ABC 


SCL4034ABD 
SCL4034ABE 
SCL4034BC 
SCL4035BC 
SCL4035BD 


SCL4035BE 
SCL4040ABC 
SCL4040ABD 
SCL4040ABE 
SCL4040BC 


SCL4040BD 
SCL4040BE 
SCL4041UBC 
SCL4041UBD 
SCL4041UBE 


SCL4042BC 
SCL4042BD 
SCL4042BE 
SCL4043ABC 
SCL4043ABD 


SCL4043ABE 
SCL4043BC 
SCL4043BD 
SCL4043BE 
SCL4044ABC 


SCL4044ABD 
SCL4044ABE 
SCL4044BC 
SCL4044BD 
SCL4044BE 


SCL4046BC 
SCL4046BD 
SCL4046BE 
SCL4047BC 
SCL4047BD 


SCL4047BE 
SCL4049UBC 
SCL4049UBD 
SCL4049UBE 
SCL4050BC 


SCL4050BD 
SCL4050BE 
SCL4051BC 
SCL4051BD 
SCL4051BE 


SCL4052BC 
SCL4052BD 
SCL4052BE 
SCL4053BC 
SCL4053BD 


RCA 
Replacement 
Type 


CD4030BD 
CD4030BE 
CD4033BF 
CD4033BD 
CD4034BF 


CD4034BD 
CD4034BE 
CD4034BF 
CD4035BF 
CD4035BD 


CD4034BE 
CD4040BF 
CD4040BD 
CD4040BE 
CD4040BF 


CD4040BD 
CD4040BE 
CD4041UBF 
CD4041UBD 
CD4041UBE 


CD4042BF 
CD4042BD 
CD4042BE 
CD4043BF 
CD4043BD 


CD4043BE 
CD4043BF 
CD4043BD 
CD4043BE 
CD4044BF 


CD4044BD 
CD4044BE 
CD4044BF 
CD4044BD 
CD4044BE 


CD4046BF 
CD4046BD 
CD4046BE 
CD4047BF 
CD4047BD 


CD4047BE 
CD4049UBF 
CD4049UBD 
CD4049UBE 
CD4050BF 


CD4050BD 
CD4050BE 
CD4051BF 
CD4051BD 
CD4051BE 


CD4052BF 
CD4052BD 
CD4052BE 
CD4053BF 
CD4053D 
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Industry 
Type 


SCL4053BE 


SCL4060ABC 
SCL4060ABD 
SCL4060ABE 


SCL4060BC 


SCL4060BD 
SCL4060BE 
SCL4066BC 
SCL4066BD 
SCL4066BE 


SCL4068BC 
SCL4068BD 
SCL4068BE 


SCL4069UBC 
SCL4069UBD 


SCL4069UBE 


SCL4070BC 
SCL4070BD 
SCL4070BE 
SCL4071BC 


SCL4071BD 
SCL4071BE 
SCL4072BC 
SCL4072BD 
SCL4072BE 


SCL4073BC 


SCL4073BD 
SCL4073BE 
SCL4075BC 
SCL4075BD 


SCL4075BE 
SCL4076BC 
SCL4076BD 
SCL4076BE 
SCL4077BC 


SCL4077BD 
SCL4077BE 
SCL4078BC 
SCL4078BD 
SCL4078BE 


SCL4081BC 
SCL4081BD 
SCL4081BE 
SCL4082BC 
SCL4082BD 


SCL4082BE 
SCL4085BC 
SCL4085BD 
SCL4085BE 
SCL4086BC 


SCL4086BD 
SCL4086BE 
SCL4093BC 
SCL4093BD 
SCL4093BE 


RCA 
Replacement 


Type 


CD4053BE 
CD4060BF 
CD4060BD 
CD4060BE 
CD4060BF 


CD4060BD 
CD4060BE 
CD4066BF 
CD4066BD 
CD4066BE 


CD4068BF 
CD4068BD 
CD4068BE 
CD4069UBF 
CD4069UBD 


CD4069UBE 
CD4070BF 
CD4070BD 
CD4070BE 
CD4071BF 


CD4071BD 
CD4071BE 
CD4072BF 
CD4072BD 
CD4072BE 


CD4073BF 
CD4073BD 
CD4073BE 
CD4075BF 
CD4075BD 


CD4075BE 
CD4076BF 
CD4076BD 
CD4076BE 
CD4077BF 


CD4077BD 
CD4077BE 
CD4078BF 
CD4078BD 
CD4078BE 


CD4081BF 
CD4081BD 
CD4081BE 
CD4082BF 
CD4082BD 


CD4082BE 
CD4085BF 
CD4085BD 
CD4085BE 
CD4086BF 


CD4086BD 
CD4086BE 
CD4093BF 
CD4093BD 
CD4093BE 


Industry 
Type 


SCL4094BC 
SCL4094BD 
SCL4094BE 
SCL4099BC 
SCL4099BD 


SCL4099BE 
SCL4160BC 
SCL4160BD 
SCL4160BE 
SCL4161BC 


SCL4161BD 
SCL4161BE 
SCL4162BC 
SCL4162BD 
SCL4162BE 


SCL4163BC 
SCL4163BD 
SCL4163BE 
SCL4174BC 
SCL4174BD 


SCL4174BE 
SCL4502BC 
SCL4502BD 
SCL4502BE 
SCL4508BC 


SCL4508BD 
SCL4508BE 
SCL4510BC 
SCL4510BD 
SCL4510BE 


SCL4511BC 
SCL4511BD 
SCL4511BE 
SCL4512BC 
SCL4512BD 


SCL4512BE 
SCL4514BC 
SCL4514BD 
SCL4514BE 
SCL4515BC 


SCL4515BD 
SCL4515BE 
SCL4516BC 
SCL4516BD 
SCL4516BE 


SCL4517BC 
SCL4517BD 
SCL4517BE 
SCL4518BC 
SCL4518BD 


SCL4518BE 
SCL4520BC 
SCL4520BD 
SCL4520BE 
SCL4527BC 


RCA 
Replacement 


Type 


CD4094BF 
CD4094BD 
CD4094BE 
CD4099BF 
CD4099BD 


CD4099BE 

CD40160BF 
CD40160BD 
CD40160BE 
CD40161BF 


CD40161BD 
CD40161BE 
CD40162BF 
CD40162BD 
CD40162BE 


CD40163BF 
CD40163BD 
CD40163BE 
CD40174BF 
CD40174BD 


CD40174BE 
CD4502BF 
CD4502BD 
CD4502BE 
CD4508BF 


CD4508BD 
CD4508BE 
CD4510BF 
CD4510BD 
CD4510BE 


CD4511BF 
CD4511BD 
CD4511BE 
CD4512BF 
CD4512BD 


CD4512BE 
CD4514BF 
CD4514BD 
CD4514BE 
CD4515BF 


CD4515BD 
CD4515BE 
CD4516BF 
CD4516BD 
CD4516BE 


CD4517BF 
CD4517BD 
CD4517BE 
CD4518BF 
CD4518BD 


CD4518BE 
CD4520BF 
CD4520BD 
CD4520BE 
CD4527BD 


Industry 
Type 


SCL4527BD 
SCL4527BE 
SCL4528BC 
SCL4528BD 
SCL4528BE 


SCL4532BC 
SCL4532BD 
SCL4532BE 
SCL4543BC 
SCL4543BD 


SCL4543BE 
SCL4555BC 
SCL4555BD 
SCL4555BE 
SCL4556BC 


SCL4556BD 
SCL4556BE 
SCL4581BC 
SCL4581BD 
SCL4581BE 


SCL4582BC 
SCL4582BD 
SCL4582BE 
SCL4584BC 
SCL4584BD 


SCL4584BE 
SCL4585BC 
SCL4585BD 
SCL4585BE 
TC4001BP 


TC4001UBP 
TC4002BP 
TC4006BP 
TC4007UBP 
TC4008BP 


TC4009UBP 
TC4010BP 
TC4011BP 
TC4011UBP 
TC4012BP 


TC4013BP 
TC4014BP 
TC4015BP 
TC4016BP 
TC4017BP 


TC4018BP 
TC4019BP 
TC4020BP 
TC4021BP 
TC4022BP 


TC4023BP 
TC4024BP 
TC4025BP 
TC4027BP 
TC4028BP 


RCA 
Replacement 


Type 


CD4527BF 
CD4527BE 
CD4528BF 
CD4528BD 
CD4528BF 


CD4532BF 
CD4532BD 
CD4532BE 
CD4543BF 
CD4543BD 


CD4543BE 
CD4555BF 
CD4555BD 
CD4555BE 
CD4556BF 


CD4556BD 
CD4556BE 
CD40181BF 
CD40181BD 
CD40181BE 


CD40182BF 
CD40182BD 
CD40182BE 
CD40106BF 
CD40106BD 


CD40106BE 
CD4585BF 
CD4585BD 
CD4585BE 
CD4001BE 


CD4001UBE 
CD4002BE 
CD4006BE 
CD4007UBE 
CD4008BE 


CD4009UBE 
CD4010BE 
CD4011BE 
CD4011UBE 
CD4012BE 


CD4013BE 
CD4014BE 
CD4015BE 
CD4016BE 
CD4017BE 


CD4018BE 
CD4019BE 
CD4020BE 
CD4021BE 
CD4022BE 


CD4023BE 
CD4024BE 
CD4025BE 
CD4027BE 
CD4028BE 
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RCA RCA RCA 
Replacement 


Industry Replacement Industry Replacement Industry 


Type 


TC4029BP 
TC4030BP 
TC4032BP 
TC4034BP 
TC4035BP 


TC4036B 
TC4038BP 
TC4039B 
TC4040BP 
TC4042BP 


TC4043BP 
TC4044BP 
TC4047BP 
TC4049BP 
TC4050BP 


TC4051BP 
TC4052BP 
TC4053BP 
TC4054BP 
TC4055BP 


TC4056BP 
TC4061 

TC4063BP 
TC4066BP 
TC4068BP 


TC4069BP 
TC4071BP 
TC4072BP 
TC4073BP 
TC4075BP 


TC4076BP 
TC4078BP 
TC4081BP 
TC4082BP 
TC4083BP 


TC4085BP 
TC4086BP 
TC4093BP 
TC4094BP 
TC40160BP 


TC40161BP 
TC40162BP 
TC40163BP 
TC40174BP 
TC40175BP 


TC40192BP 
TC40193BP 
TC4508BP 
TC4510BP 
TC4511BP 


TC4512BP 
TC4514BP 
TC4515BP 
TC4516BP 
TC4518BP 


Type 


CD4029BE 
CD4030BE 
CD4032BE 
CD4034BE 
CD4035BE 


CD4036A 
CD4038BE 
CD4039A 
CD4040BE 
CD4042BE 


CD4043BE 
CD4044BE 
CD4047BE 


CD4049UBE 


CD4050BE 


CD4051BE 
CD4052BE 
CD4053BE 
CD4054BE 
CD4055BE 


CD4056BE 
CD4061A 

CD4063BE 
CD4066BE 
CD4068BE 


CD4069UBE 


CD4071BE 
CD4072BE 
CD4073BE 
CD4075BE 


CD4076BE 
CD4078BE 
CD4081BE 
CD4082BE 
CD4083BE 


CD4085BE 
CD4086BE 
CD4093BE 
CD4094BE 
CD40160BE 


CD40161BE 
CD40162BE 
CD40163BE 
CD40174BE 
CD40175BE 


CD40192BE 
CD40193BE 
CD4508BE 
CD4510BE 
CD4511BE 


CD4512BE 
CD4514BE 
CD4515BE 
CD4516BE 
CD4518BE 


Type 


TC4520BP 
TC4527BP 
TC4532BP 
TC4543BP 
TC4544BP 


TC4556BP 
TC4585BP 
TP4000AN 
TP4001AN 
TP4001AN 


TP4001BN 
TP4007AN 


TP4007UBN 


TP4008BN 
TP4009AN 


TP4009UBN 


TP4010AN 
TP4010BN 
TP4011AN 
TP4011BN 


TP4012AN 
TP4013AN 
TP4013BN 
TP4014AN 
TP4015AN 


TP4015BN 
TP4016AN 


TP4016UBN 


TP4017AN 
TP4018AN 


TP4018BN 
TP4019AN 
TP4019BN 
TP4020AN 
TP4020BN 


TP4021AN 
TP4022AN 
TP4023AN 
TP4024AN 
TP4024BN 


TP4025AN 
TP4027AN 
TP4027BN 
TP4028AN 
TP4028BN 


TP4029AN 
TP4030AN 
TP4030BN 
TP4035BN 
TP4040AN 


TP4040BN 
TP4042AN 
TP4042BN 
TP4043AN 
TP4043BN 


Type 


CD4520BE 
CD4527BE 
CD4532BE 
CD4543BE 
CD4555BE 


CD4556BE 
CD4585BE 
CD4000AE 
CD4001AE 
CD4002AE 


CD4001BE 
CD4007AE 


CD4007UBE 


CD4008BE 
CD4009AE 


CD4009UBE 


CD4010AE 
CD4010BE 
CD4011AE 
CD4011BE 


CD4012AE 
CD4013AE 
CD4013BE 
CD4014AE 
CD4015AE 


CD4015BE 
CD4016AE 
CD4016BE 
CD4017AE 
CD4018AE 


CD4018BE 
CD4019AE 
CD4019BE 
CD4020AE 
CD4020BE 


CD4021AE 
CD4022AE 
CD4023AE 
CD4024AE 
CD4024BE 


CD4025AE 
CD4027AE 
CD4027BE 
CD4027AE 
CD4028BE 


CD4029AE 
CD4030AE 
CD4030BE 
CD4035BE 
CD4040AE 


CD4040BE 
CD4042AE 
CD4042BE 
CD4043AN 
CD4043BE 


Type 


TP4044AN 
TP4044BN 
TP4049AN 
TP4049UBN 
TP4050AN 


TP4050BN 
TP4051AN 
TP4051BN 
TP4052AN 
TP4052BN 


TP4053AN 
TP4053BN 
TP4066AN 
TP4068AN 
TP4069UBN 


TP4070BN 
TP4071BN 
TP4072BN 
TP4073BN 
TP4075BN 


TP4081BN 
TP4082BN 
TP4083BN 
TP4511BN 
TP4512BN 


TP4520AN 
uPD4001C 
uPD4002C 
uPD4011C 
uPD4012C 


uPD4013C 
uPD4014C 
uPD4015C 
uPD4017C 
uPD4019C 


uPD4020C 
uPD4021C 
uPD4023C 
uPD4024C 
uPD4025C 


uPD4027C 
uPD4028C 
uPD4029C 
uPD4030C 
uPD4034C 


uPD4035C 
uPD4040C 
uPD4042C 
uPD4043C 
uPD4044C 


uPD4049C 
uPD4050C 
uPD4051C 
uPD4052C 
uPD4053C 


Type 


CD4044AE 
CD4044BE 
CD4049AE 
CD4049UBE 
CD4050AE 


CD4050BE 
CD4051AE 
CD4051BE 
CD4052AE 
CD4052BE 


CD4053AE 
CD4053BE 
CD4066AE 
CD4068AE 
CD4069UBE 


CD4070BE 
CD4071BE 
CD4072BE 
CD4073BE 
CD4075BE 


CD4078BE 
CD4081BE 
CD4082BE 
CD4511BE 
CD4512BE 


CD4520AE 
CD4001AE 
CD4002AE 
CD4011AE 
CD4012AE 


CD4013AE 
CD4014AE 
CD4015AE 
CD4017BE 
CD4019AE 


CD4020AE 
CD4023AE 
CD4023AE 
CD4024BE 
CD4025AE 


CD4027AE 
CD4028AE 
CD4029AE 
CD4030AE 
CD4034BE 


CD4035BE 
CD4040BE 
CD4042AE 
CD4043BE 
CD4044BE 


CD4049AE 
CD4050AE 
CD4051BE 
CD4052BE 
CD4053BE 
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Industry 
Type 


uPD4063C 
uPD4066C 
uPD4069C 
uPD4071C 
uPD4072C 


uPD4073C 
uPD4075C 
uPD4081C 
uPD4082C 
uPD4093C 


RCA 


Replacement 


Type 


CD4063BE 
CD4066AE 


CD4069UBE 


CD4071BE 
CD4072BE 


CD4073BE 
CD4075BE 
CD4081BE 
CD4082BE 
CD4093BE 


Industry 
Type 


uPD4094C 
uPD4099C 
uPD4508C 
uPD4510C 
uPD4511C 


uPD4514C 
uPD4516C 
uPD4518C 
uPD4520C 
uPD4532C 


RCA 


Replacement 


Type 


CD4094BE 
CD4099BE 
CD4508BE 
CD4510BE 
CD4511BE 


CD4515BE 
CD4516BE 
CD4518BE 
CD4520BE 
CD4532BE 


Industry 
Type 


uPD4555C 
uPD4556C 


RCA 
Replacement 


Type 


CD4555BE 
CD4556BE 


General Operating and 
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General Operating and Application Considerations 


This section is intended as a guide to cir- 
cuit and equipment designers in the 
operation and application of MOS inte- 
grated circuits. It covers general operat- 
ing and handling considerations with re- 
spect to the following critical factors: 

® Operating supply-voltage range 
Power dissipation and derating 
System noise considerations 
Power-source rules 
Gate-oxide protection networks 
Input signals and ratings 
Chip assembly and storage 
Device mounting 
Testing 


More specific information is then given 
on significant features, special design 
and application requirements, and 
standard ratings and electrical character- 
istics for CMOS A- and B-series logic 
circuits, and on CMOS special-function 
circuits (telecommunications and special 
interface and display driver circuits). 


GENERAL OPERATING AND 
HANDLING CONSIDERATIONS 


The following paragraphs discuss some 
key operating and handling considera- 
tions that must be taken into account to 
achieve maximum advantage of the 
CMOS technology. Additional informa- 
tion on the operation and handling of 
CMOS integrated circuits is given in 
ICAN-6525, “Guide to Better Handling 
and Operation of CMOS Integrated Cir- 
Cuits,” included in the Application Notes 
Section of this DATABOOK. 


Operating Supply-Voltage Range 


Because logic systems occasionally ex- 
perience transient conditions on the 
power-supply line which, when added to 
the nominal power-bus voltage, could 
exceed the safe limits of circuits con- 
nected to the power bus, the recom- 
mended operating supply-voltage ranges 
are 3 to 12 volts for A-series devices and 
3 to 18 volts for B-series devices. The 
recommended maximum power-supply 
limit is substantially below the minimum 
primary breakdown limit for the devices 
to allow for limited power-supply tran- 
sient and regulation limits. For circuits 
that operate in a linear mode over a por- 
tion of the voltage range, such as RC or 


crystal oscillators, a minimum supply 
voltage of 4 volts is recommended. 


Power Dissipation and Derating 


The power dissipation of a CMOS inte- 
grated circuit is the sum of a dc (quies- 
cent) component and an ac (dynamic) 
component. The dc component is the 
sum of the net integrated-circuit reverse 
diode-junction current and the surface 
leakage current times the supply volt- 
age. In standard A- or B-series logic de- 
vices, the dc dissipation typically ranges, 
depending upon device complexity, 
from 100 to 400 nanowatts for a supply 
voltage of 10 voits. Worst-case dc dissi- 
pation is the product of the maximum 
quiescent current (given in the data 
sheet on each device) and the dc supply 
voltage Vpp. 


Dynamic power dissipation has 3 com- 
ponents: 

a) The dissipation that results from cur- 
rent that charges and discharges the 
external load capacitance of the out- 
put buffers. The dissipation of each 
output buffer is equal to CV"f, where 
C is the load capacitance, V is the 
supply voltage, and F is the switching 
frequency of that output. 

The dissipation that results from cur- 
rent that charges and discharges the 
internal node capacitances. 

The dissipation caused by the cur- 
rent spikes through the PMOS and 
NMOS transistors in series at the in- 
stant of switching. This component 
amounts to approximately 10 per 
cent of the total dissipation, shown 
graphically in the data sheets of most 
RCA CMOS circuits. 


b 


— 
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All CMOS devices are rated at 200 mW 
per package at the maximum operating 
ambient temperature rating (T,) for the 
package type (85°C for plastic packages 
and 125°C for ceramic packages). Power 
ratings for temperatures below the max- 
imum operating temperature are shown 
in the standard CMOS thermal derating 
chart in Fig. 1. This chart assumes that (a) 
the device is mounted and soldered (or 
placed in a socket) on a PC board; (b) 
there is natural convection cooling, with 
the PC board mounted horizontally; and 
(c) the pressure is standard (14.7 psia). In 
addition to the over-all package dissipa- 
tion, device dissipation per output tran- 
sistor is limited to 100 mW maximum over 
the full package operating-temperature 
range. 


C@ PACKAGES E (85°C RATING) 
@ PACKAGES D,F,K (125°C RATING) 


PACKAGE DISSIPATION —mwW 


AMBIENT TEMPERATURE (Ta)— °C 
92cS 27790 


Fig. 1—Standard CMOS thermal derating 
chart. 


System Noise Considerations 


In general, CMOS devices are much less 
sensitive to noise On power and ground 
lines than bipolar logic families (Such as 
TTL or DTL). However, this sensitivity 
varies as a function of the power-supply 
voltage, and more importantly as a 
function of synchronism between noise 
spikes and input transitions. Good power 
distribution in digital systems requires 
that the power bus have a low dynamic 
impedance; for this purpose, discrete 
decoupling capacitors should be dis- 
tributed across the power bus. A more 
detailed discussion of CMOS noise 
immunity is provided by ICAN-6587, 
“Noise Immunity of B-series CMOS Inte- 
grated Circuits,” inthe Application Notes 
Section. 


Power-Source Rules 


Fig. 2shows the basic CMOS inverter and 
its gate-oxide protection network plus 
inherent diodes. The safe operating 
procedures listed below can be under- 
stood by reference to this inverter. 


OVYoo 


OVss 


OUT 


DIODE BREAKDOWN 


DIs 25V 
02s 50V 
R2<<RI 


* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 
92CS-27965R2 


Fig. 2—Basic CMOS inverter with B-series 
types protection network. 


1. When separate power supplies are 
used for the CMOS device and for 
the device inputs, the device power 
supply should always be turned on 
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before the independent input signal 
sources, and the input signals should 
be turned off before the power supply 
is turned off (Vss < Vi SVpp aS a Maxi- 
mum limit). This rule will prevent over- 
dissipation and possible damage to 
the D2 input-protection diode when 
the device power supply is grounded. 
When the device power supply is an 
open circuit, violation of this rule can 
result in undesired circuit operation 
although device damage should not 
result; ac inputs can be rectified by di- 
ode D2 to act as a power supply. 


2. The power-supply operating voltage 
should be kept safely below the abso- 
lute maximum supply rating, as indi- 
cated previously. 


3. The power-supply polarity for 
CMOS circuits should not be reversed 
The positive (Vpp) terminal should 
never be more than 0.5 volt negative 
with respect to the negative (Vss) ter- 
minal (Vop — Vss >—0.5 V). Reversal of 
polarities will forward-bias and short 
the structural and protection diode 
between Vopp and Vss. 


4. Vop should be equal to or greater than 
Vec for CMOS buffers which have 
two power supplies (except for the 
CD40109B, and in particular, for CD- 
4009 and CD4010 CMOS-to-TTL 
“down’-conversion devices). 


5. Power-source current capability 
should be limited to as low a value as 
reasonable to assure good logic oper- 
ation. 


6. Large values of resistors in series with 
Vop Or Vss should be avoided; tran- 
sient turn-on of input protection di- 
odes can result from drops across 
such resistors during switching. 


Gate-Oxide Protection Network 


A problem occasionally encountered in 
handling and testing low-power semi- 
conductor devices, including MOS and 
small-geometry bipolar devices, has 
been damage to gate oxide and/or p-n 
junctions. Fig. 3 shows the gate-oxide 
protection circuits used to protect CMOS 
devices from static electricity damage. 
ICAN-6572 gives further information on 
protection circuits. Although these cir- 
cuits are included in all CMOS devices, 
the handling precautions in ICAN-6572 
and ICAN-6525 should be observed. 


INPUT 
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* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS 


92CS- 29509 


(a) For standard A-series CMOS product. 


* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS 


92CS- 29510 


‘b) For improved B-series CMOS prod- 
uct. 


C04049UB 
C04050B 
CD40109B8 


(c) For CD4049UB, CD4050B, and CD40109B 
CMOS types. 


ke I 


DIODE BREAKDOWN Tes 2 


Dis 25V 
D2=50V 


* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 


92CS—27967RI 


(d) For CMOS transmission gates. 


Fig. 3—Gate-oxide protection networks used in 
RCA CMOS integrated circuits. 


input Signals and Ratings 


1. Input signals should be maintained 
within the power-supply voltage 
range, Vss = Vi S Vpp. If the input sig- 
nal exceeds the recommended input- 
signal-swing range, the input current 


should be limited to +100 wA to mini- 
mize cross talk between input signals 
on adjacent terminals, and also to 
minimize any reduction in noise im- 
munity. 

The absolute-maximum § input-cur- 
rent rating of +10 mA, shown in the 
published data, protects the device 
against the possible occurence of an 
induced Vpp — Vss latch condition, or 
damage to the input protection di- 
odes. Latch-up conditions are ex- 
plained in ICAN-6525. 


2. ALL CMOS inputs should be termi- 
nated. An exception can be made in 
the case of unbuffered NOR and 
NAND gates (A-series and UB types) 
where terminating one of the series 
inputs to the proper polarity will not 
permit current flow caused by a float- 
ing input. Thus, tying low one of the 
inputs of an unbuffered NAND gate, 
or tying high one of the inputs of an 
unbuffered NOR gate will satisfy this 
requirement. 


When CMOS inputs are wired to edge 
card connectors with CMOS drive 
coming from another PC board, a 
shunt resistor in the range of 100 
kohms should be connected to Vpp or 
Vss, aS applicable, in case the inputs 
become unterminated with the power 
supply on. 


3. When CMOS circuits are driven by 
TTL logic, a “pull-up” resistor should 
be connected from the CMOS input to 
5 volts (further information is given in 
ICAN-6602). 


Output Rules 


1. The power dissipation in a CMOS 
package should not exceed the rated 
value for the ambient temperature 
specified. The actual dissipation 
should be calculated when (a) short- 
ing outputs directly to Vpp or Vss, (b) 
driving low-impedance loads, or (c) 
directly driving the base of p-n-p or 
n-p-n bi-polar transistor. 


2. Output short circuits often result from 
testing errors or improper board as- 
sembly. Shorts on buffer outputs or 
across power supplies greater than 5 
volts can damage CMOS devices. 


3. CMOS, like active pull-up TTL, cannot 
be connected in the “wire-OR” con- 
figuration because an “on” PMOS and 
an “on” NMOS transistor could be 
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directly shorted across the power- 
supply rails. (Exception: CD40107B) 


4. Paralleling inputs and outputs of 
gates is recommended only when the 
gates are within the same IC package. 


5. Output loads should return to a volt- 
age within the supply-voltage range 
(Vop to Vss). 


6. Large capacitive loads (greater than 
5000 pF) on CMOS buffers or high- 
Current drivers act like short circuits 
and may over-dissipate output transis- 
tors. 


7. Output transistors may be over-dissi- 
pated by operating buffers as linear 
amplifiers or using these types as 
one-shot or astable multivibrators. 


Noise Immunity and Noise Margin 


The complementary structure of the in- 
verter, common to all CMOS logic de- 
vices, results in a near-ideal input-output 
transfer characteristic, with switching 
point midway (45% to 55%) between the 0 
and 1 output logic levels. The result is 
high dc noise immunity. 


Fig. 4 shows a typical transfer curve that 
may be used to define the dc noise 
immunity of CMOS integrated circuits. 
The noise-immunity voltage (V;, or V)4) is 
the noise voltage at any one input that 
does not propagate through the system. 
Minimum noise immunity for buffered B- 
series CMOS devices is 30, 30, and 27 per 
cent, respectively for supply voltages 
Vpp of 5, 10, 15 volts and 20 per cent 
of Vpp for all unbuffered gates. The V,, 
and Vj), specifications define the maxi- 
mum permissible additive noise voltage 
at an input terminal when input signals 
are within 50 millivolts of the supply rails. 


Vo(HIGH) 9F > >>> 47> 
VNML = VIL.(MAX.)~ Yo (LOW) 
VNMH = YO (HIGH) ~ YIH (MIN.) 


8 
7 
6 
YouT 5} 
4 
3 


Vo (Low) 


oO t 23 4 5 6 7 8 9 IO 


VIL (MAX.) VIH(MIN.) 
VIN 
g2cS- 29512 
Fig. 4—Typical transfer curve for a inverting 
gate at Voo = 10 V. 


Noise margin is the difference between 
the noise-immunity voltage (Vit or Vin) 
and the output voltage Vo. Noise-margin 
voltage is the maximum voltage that can 
be impressed upon an input voltage Vin 
(where Vin is the Vor OF Von voltage of the 
preceding stage) at any (or all) logic I/O 
terminals without upsetting the logic or 
Causing any output to exceed the output 
voltage (Vo) conditions specified for Vir 
and Vin ratings. Fig. 5 illustrates the 
noise-margin concept in a simple sys- 
tem. Minimum noise margins for buf- 
fered B-series CMOS devices are 1, 2, 
and 2.5 volts, respectively, for supply vol- 
tages of 5, 10, and 15 volts. 


VoL =0.5V 


VNML = IV 
VILzlSV 


VNMH=!V 
VIH=3.5V 


Vpp=5V 


Vo. 79.5 Vv 


VrH73.5V 


92CS- 29513 


Fig. 5 — Noise margin example using invert- 
ers. 


Of the two noise-limitation specifica- 
tions (noise immunity and noise mar- 
gin), RCA considers noise immunity to 
be more practical for CMOS devices 
because CMOS outputs are normally 
within 50 millivolts of supply rails. 


Noise immunity increases as the input 
pulse width becomes less than the prop- 
agation delay of the circuit. This condi- 
tion is often described as ac noise immu- 
nity. (Further information on noise im- 
munity is given in ICAN-6587). 


Clock Rise- and Fall-Time Requirements 


Most CMOS clocked devices have maxi- 
mum rise- and fall-time ratings (normally 
5 to 15 microseconds). With longer rise or 
fall times, a device may not function 
properly because of data ripple-through, 
false triggering problems, etc. Some B- 
series CMOS counters have Schmitt- 
trigger shaping circuits built into the 
clock circuit, removing the restriction for 
input rise or fall times. Long rise and fall 
times on CMOS buffer-type inputs cause 
increased power dissipation which may 
exceed device capability for operating 
power-supply voltages greater than 5 
volts. 


Parallel Clocking 


Process variations leading to differences 
in input threshold voltage among ran- 
dom device samples can cause loss of 


data between certain synchronously 
clocked sequential circuits, as shown in 
Fig. 6. This problem can be avoided if the 
maximum clock rise time (t,CL) for cas- 
cading any two CMOS sequential de- 
vices is limited in accordance with the 
following equations: 


A Series Types 


_ 0.8Vppd (Vv) 
Maximumt,CL = “7.25 (vy) (v) xX tp(ns) 
B Series Types 

; _ 0.8Vopp (Vv) 
Maximumt,CL = “1.15 (v) (v) X tp(ns) 


where tp = teu. Or tety (whichever is 
smaller) for the unit A in Fig. 6 as speci- 
fied on the device data sheet at the speci- 
fied value of Vpp and loading conditions. 
Schmitt trigger circuits such as the CD- 
4093B are an ideal solution to applica- 
tions requiring wave-shaping. 


CASCADING WITH SLOW CLOCK 
CAN CAUSE ERROR 
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Fig.6 — Error effect that results from a slow 
clock in cascaded circuits. 


Three-State Logic 


Three-state logic can be easily imple- 
mented by use of a transmission gate in 
the output circuit; this technique pro- 
vides a solution to the wire-OR problem 
in many cases. 


Chip Assembly and Storage 


RCA CMOS integrated circuits are pro- 
vided in a chip form (H suffix) to allow 
customer design of special and complex 
circuits to suit individual needs. CMOS 
chips are electrically identical to and offer 
the features of their counterparts sealed 
in ceramic and plastic packages. The fol- 
lowing paragraphs describe mounting 
considerations, packaging, shipping and 
storage criteria, handling criteria, visual 
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inspection criteria, testing criteria, and 
bonding pad layout and dimensions for 
each chip. 


Mounting Considerations. All CMOS 
chips are non-gold backed and require 
the use of epoxy mounting. DuPont 
No’s. 6838 or 5504A conductive silver 
paste or equivalent is recommended. In 
any case the manufacturer's recommenca- 
ations for storage and use should be 
followed. If DuPont No., 6838 or 5504A 
paste is used, the bond should be cured 
at temperatures between 185°C and 
200°C for 75 minutes. 


In CMOS circuits MOS-transistor p- 
channel substrates (n-type bulk materi- 
al) are connected to Vpp, therefore, when 
chips are mounted and a conductive 
paste is used care must be taken to keep 
the active substrate isolated from ground 
or other circult elements. 


Packing, Shipping, and Storage Criteria. 
Solid-state chips, being small in size and 
unencapsulated, are physically fragile 
and small in physical size, and therefore, 
require special handling considerations 
as follows: 


1. Chips must be stored under proper 
conditions to insure that they are not 
subjected to a moist and/or contami- 
nated atmosphere that could alter 
their electrical, physical, or mechani- 
cal characteristics. After the shipping 
container is opened, the chip must be 
stored under the following condi- 
tions: 

A. Storage temperature, 40°C max. 
B. Relative humidity, 50% max. 
C. Clean, dust-free environment. 


2. The user must exercise proper care 
when handling chips to prevent even 
the slightest physical damage to the 
chip. 


3. During mounting and lead bonding of 
chips the user must use proper as- 
sembly techniques to obtain proper 
electrical, thermal, and mechanical 
performance. 


4. After the chip has been mounted and 
bonded, any necessary procedure 
must be followed by the user to insure 
that these non-hermetic chips are not 
subjected to a moist and contaminat- 
ed atmosphere which might cause the 
development of electrical conductive 
paths across the relatively small insu- 
lating surfaces. In addition, proper 
consideration must be given to the 
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protection of these devices from 
other harmful environments which 
could conceivably affect. their 
performance and/or reliability. 


Handling Criteria. The user should find 
the following suggested precautions 
helpful in handling CMOS chips. 


Because of the extremely small size and 
fragile nature of chips, the equipment 
designer should exercise care in 
handling these devices. 


For additional handling considerations 
for CMOS devices, refer to ICAN-6525, 
“Guide to Better Handling and Operation 
of CMOS integrated Circuits.” 


1. Grounding 


a. Bonders, pellet pick-up tools, table 
tops, trim and form tools, sealing 
equipment, and other equipment 
used in chip handling should be 
properly grounded. 

b. The operator should be properly 
grounded. 


2. In-Process Handling 


a. Assemblies or subassemblies of 
chips should be transported and 
stored in conductive carriers. 

b. Allexternal leads of the assemblies 
or subassemblies should be short- 
ed together. 


3. Bonding Sequence 


a. Connect Vpp first to external con- 
nections, for example, terminal 14 
of the CD4001AH. 

b. Remaining functions may be con- 
nected to their external connec- 
tions in any sequence. 


4. Testing 


a. Transport all assemblies of chips 
in conductive Carriers. 

b. In testing chip assemblies or sub- 
assemblies, the operator should be 
properly grounded. 


Visual Inspection Criteria. All standard 
commercial CMOS chips undergo a 
visual inspection which is patterned after 
MIL-STD-883, Method 2010, Condition B 
with modifications reflecting CMOS 
requirements. 


Testing Criteria. CMOS chips are dc elec- 
trically tested 100% in accordance with 
the same standards prescribed for RCA 
devices in standard packages. 


Device Testing 
RCA CMOS circuits are 100-percent 


tested by circuit probe in the wafer stage 
and are 100-percent tested again after 
they have been packaged. DC tests of 
RCA devices are performed at 5, 10, 15, 
and 20 volts; functionality is checked at 
2.8, 17, and 20 volts depending on family 
(i.e., A or B series). Sample testing is 
used to assure adherence to quality re- 
quirements and ac specifications. 


Static tests, high-speed functional and 
dc parametric tests, are performed at 
wafer and package stages by means of a 
Teradyne J283 test set. A Teradyne 
S157CM test set and a Macrodata MD154 
test set are used in dynamic testing. Dy- 
namic tests are performed with 15 and 50 
picofarad loads. Testing at 15 picofarads 
is accomplished primarily by laboratory 
“bench-test” techniques; automatic test- 
ing at 15 picofarads is difficult because 
of the high input capacitance (approxi- 
mately 20 to 35 picofarads) of most auto- 
matic ac test sets. 


Users should follow the sequence below 

when testing CMOS devices: 

. Insert the device into the test socket. 

. Apply Vop. 

. Apply the input signal. 

. Perform the test. 

. On completion of test, remove the in- 

put signal. 

6. Turn off the power supply (Vpp). 

7. Remove the device from the test socket 
and insert it into a conductive carrier. 
CMOS devices under test must not be 
exposed to electrostatic discharge or 
forward biasing of the intrinsic protec- 
tive diodes shown in Fig. 3. 


ah wD — 


Detailed information on the techniques 
employed in the testing of RCA CMOS 
integrated circuits are described in ICAN- 
6532 included in the Application Notes 
Section of this DATABOOK. 


Device Mounting 


Integrated circuits are normally supplied 
with lead-tin plated leads to facilitate 
soldering into circuit boards. In those 
relatively few applications requiring 
welding of the device leads, rather than 
soldering, the devices may be obtained 
with nickel-plated Kovar leac's.* Itshould 
be recognized that this type of plating 
will not provide complete protection 
against lead corrosion in the presence of 
high humidity and mechanical stress. 


*MIL-M-38510, paragraph 3,5,6,1 (a), lead 
material 


47 


General Operating and Application Considerations 


In any method of mounting integrated 
circuits which involves bending or form- 
ing of the device leads, it is extremely im- 
portant that the lead be supported and 
clamped between the bend and the 
package seal, and that bending be done 
with care to avoid damage to lead plat- 
ing. In no case should the radius of the 
bend be less than the diameter of the 
lead. It is also extremely important that 
the ends of bent leads be straight to as- 
sure proper insertion through the holes 
in the printed-circuit board. 


A-SERIES CMOS 
INTEGRATED CIRCUITS 


RCA CD4000A-series types have a maxi- 
mum dc supply-voltage rating of —0.5 to 
15 volts, and a recommended operating 
supply-voltage range of 3 to 12 volts. The 
major features of this series are as fol- 
lows: 


e Quiescent current specified to 15 
volts 

e 5-volt and 10-volt parametric ratings 

e Maximum input leakage of 1 uA at15 
volts over the full package operat- 
ing-temperature range 

e j-volt noise margin (full package 
temperature range) 


Table | shows the maximum ratings and 
the recommended operating supply-volt- 
age range for RCA A-series CMOS inte- 
grated circuits. 


Static Electrical Characteristics 


Table Il shows the standard dc electrical 
characteristics for A-series types. The 
data sheet for each of these types con- 
tains the family characteristics shown in 
Table | plus additional dc characteristics 
that are type-dependent. 


Dynamic Electrical Characteristics 


A-series dynamic electrical characteris- 
tics are specified for individual types un- 
der the following conditions: Vop = 5 V 
and 10 V; Ta = 25°C (temperature coeffi- 
cient is typically 0.3%/°C); C. = 15 pF; t, 
and t; of inputs = 20 ns. 


HIGH-VOLTAGE B-SERIES 

CMOS INTEGRATED 

CIRCUITS 

RCA-CD4000B-series types have a max- 
imum dc supply-voltage rating of —0.5 to 
20 volts, and a recommended operating 
supply-voltage range of 3 to 18 volts. The 


major features of this series are as fol- 
lows: 
High-voltage (20-V) ratings 
e 100% tested for quiescent current at 
20 V 
e 5-V, 10-V, and 15-V parametric rat- 
ings 
Standardized, symmetrical output 
characteristics 
Maximum input current of 1 uA at 18 
V over full-package-temperature 
range; 100 nA at 18 V and 25°C 
Noise margin (full package-temper- 
ature range) = 
1VatVoo = 5V 
2VatVoo = 10 V 
2.5VatVoo = 15 V 


Meets all requirements of JEDEC 
Tentative Standard No. 13B, “Stand- 
ard Specifications for Description of 
‘B’ Series CMOS Devices 


JEDEC Minimum Standard 


Under the sponsorship of the Joint Elec- 
tron Devices Engineering Council 
(JEDEC) of the Electronic Industries As- 
sociation (EIA), minimum industrial 
standards have been established for the 


Table! — Maximum Ratings and Recommended Operating Conditions for A-Series CMOS 
Integrated Circuits 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vss Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 


POWER DISSIPATION PER PACKAGE (Pp): 


a 


eae ee ee ee ee er Tee YO SY 


-0.5 to +15 V 


... -0.5 to Vpp +0.5V 


For T, = -40 to +60°C (PACKAGE TYPE E) ........ccsscecsccnsecscecencereeesceseene 500 mW 

For Ta, = +60 to +85°C (PACKAGE TYPE E) .........sscececscscvcens Derate Linearly to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K, H)..........ccceseceecscseessoceces 500 mW 

Fort , = +100 to +125°C (PACKAGE TYPES D, F, Ky) asc ccavencaeds Derate Linearly to 100 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............... 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PRR tte ee Gy Fei; Fl 206e deadennu sudnseee 2004 eee eres eutemds Dehuiened -55 to +125°C 

PRR VIP EE xian vexacaad Dene eden Gabe seek Rieke denen Pusee eae ee Chee nee we -40 to +85°C 
STORAGE TEMPERATURE RANGE (TS6TG) +i¢ssessseaesinerccaneesdcew cuawnseds -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ......... cece ee eee +265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that opera- 
ation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package- 


Temperature Range) 
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Table Il — A-Series Static Electrical Characteristics (Full Package Temperature So 


CONDITIONS 


” 
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wo 
Oo 
re 
Uv 
> 
P+) 
> 
sul 
mi 
= 
m 
Ps) 
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2) 
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Von Output High 
oltage 

VL Noise Voltage 

(SSI Types) |(Input Low) 

VNH Noise Voltage 

(SSI Types) |(Input High) 


VNH Noise Voltage 
(MSI Types)}(Input High) 


Leakage 


VM Noise Margin 
(Input Low) 

VMH Noise Margin 
(Input High) 

ete Leakage 


Quiescent Device 


Ve Noise Voltage 
(MSI Types)}(Input Low) 


Output Source and 
Sink current 


Note: Logic Level Inversion Assumed in Table II. 


maximum ratings, static and ac electri- 
cal characteristics of B-series CMOS in- 
tegrated circuits. The JEDEC standard 
(JEDEC Tentative Standard No. 13B) 
defines B-series CMOS integrated cir- 
cuits as a uniform family of both buffered 
and unbuffered types that have an abso- 
lute dc supply-voltage rating of at least 
18 volts. 


Buffered CMOS devices are types in 
which the output “on” impedance is in- 
dependent of any and all valid input logic 
_ conditions, both preceding and present. 
All such CMOS product are designated 
by the suffix “B” following the basic type 
number. 


Unbuffered CMOS devices are types 
that meet all B-series specifications ex- 
cept that the logical outputs are not buf- 
fered and the noise-immunity voltages, 
Vic and Vin, are specified as 20 and 80 per 
cent, respectively, Of Vop for operation 
from 5 or 10 volts, and 17 and 83 per cent, 
respectively, of Vop for operation from 15 
volts. All such CMOS product are desig- 
nated by the suffix “UB”. 


The JEDEC minimum standard also in- 
cludes in the B-series CMOS types that 
have analog inputs or outputs and, in ad- 
dition, have maximum ratings and logi- 
cal input and output parameters that 
conform to B-series specifications 
wherever applicable. These CMOS de- 
vices are also designated by the suffix 
"B . 

All B-series CMOS devices can directly 
replace their A-series counterparts in 
most applications. The UB types are 
high-voltage versions of corresponding 
A-series (unbuffered) types. 

Table Ill lists the JEDEC minimum 
standards established for the maximum 
ratings and recommended operating 
conditions for B-series CMOS integrat- 
ed circuits. 

Table IV shows the JEDEC standards for 
the static electrical characteristics of 
CMOS B-series integrated circuits. 


Standardized RCA Ratings 
and Static Characteristics 
RCA B-series CMOS integrated cir- 


cuits meet or exceed the most stringent 
requirements of the JEDEC B-series 
specifications. Table V shows the stand- 
ardized maximum ratings and recom- 
mended operating supply-voltage range 
for RCA B-series CMOS integrated cir- 
cuits. The standardized static electrical 
characteristics for these devices are 
shown in Table VI. As with the JEDEC 
specifications, the RCA standardized 
characteristics classifies the B-series 
devices into three leakage (quiescent- 
device-current) categories. Table VII lists 
the RCA types in each category and indi- 
cates types that, although they are still 
B-series types, differ in one or more static 
charactistics. 

Tables V and VI show that, in anumber of 
important respects, RCA has established 
new performance standards for B-series 
CMOS logic circuits. 


1. Tight limits for all packages 
RCA devices use the same set of lim- 
its for all package styles. The JEDEC 
standard establishes two sets of limits 
for most dc (static) parameters; a 
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Table Ill - JEDEC Minimum Standards for Maximum Ratings 
and Recommended Operating Conditions for B-series CMOS 
Integrated Circuits* 


Absolute Maximum Ratings (Voltages referenced to Vss): 


DC Supply Voltage Voo —0.5 to +18 Vdc 
Input Voltage Vin —0.5to Voo +0.5 Vdc 
DC Input Current lin £10 mAdc 
(any one input) 
Storage-Temperature Range Ts -65to +150 °C 
Recommended Operating Conditions: 
DC Supply Voltage Von +3to +15 Vdc 
Operating-Temperature Range, Ta 
Military-Range Devices “50 16 17125 °C 
Commercial-Range Devices -40 to +85 °C 


“Reprinted from JEDEC Tentative Standard No. 13-B, “Standard 
Specifications for Description of B-Series CMOS Devices.” 


Table 1V — JEDEC Standard for Static Characteristics of B-Series CMOS Integrated Circuits” 


LIMITS 
TEMP. | Vop 
PARAMETER RANGE | (Vdc) CONDITIONS 
Quiescent 
Device Current 
GATES 
om] 
BUFFERS, cf 
5 


Vin = Vss or Vpp 


All valid input 
combinations 


combinations 


FLIP-FLOPS All valid input 


All valid input 
Comm combinations 


Vin = Vss or Vpp 


High-Level 
Output Voltage Vin = Vss or Vpop 
l!o} <1uA 


Input Low Vo = 0.5V or 4.5V 


Voltage Vo = 1.0V or 9.0V 
Vo=1.5V or 13.5V 


B Types [lo] <1uA 


A 
Vo = 0.5V or 4.5V 
Vo = 1.0V or 9.0V 
Vo = 1.5V or 13.5V 
Me) <1uA 
Input High | Vo = 0.5V or 4.5V 


Voltage Vo = 1.0V or 9.0V 


Vo=1.5V or 13.5V 


Il 
All 
All 
All 
B Types 
All 


VOL | Low-Level 
Output Voltage Vin = Vss or Vpp 
Ilo] <1uA 


Vo = 0.5V or 4.5V 
Vo = 1.0V or 9.0V 
Vo = 1.5V or 13.5V 
lo] <1uA 
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Table IV - JEDEC Standard for Static Characteristics of B-series CMOS Integrated Circuits (cont'd) 


a 
CONDITIONS 


PARAMETER 


Vo = 0.4V 
Vin = Oor 5V 
Vo = O.5V, 

Vin = Oor 10V 
Vo = 1.5V, 


Output Low VIN = Oor 15V 


(Sink) Current 
Vo = 0.4V, 


Vin = Oor 5V 
Vo = 0.5V, 

Vin = Oor 10V 
Vo = 1.5V, 

Vin = Oor 15V 


Vo = 4.6V, 

Vin = Oor 5V 
Vo = 9.5V, 

Vin = Oor 10V 
Vo = 13.5V, 


Output High Vin = Oor 15V 


(Source) 
Current Vo = 4.6V 
Vin = Oor 5V 
Vo = 9.5V, 
Vin = O or 10V 
Vo = 13.5V, 
Vin = O or 15V 


input Vin =O or 15V 


Current 
ae Vin = 0 or 15V 


15 | Vin =0 or 15V 


Comm 15 | Vin = 0 or 15V 


Capacitance |All Any Input 
per Unit Load 


*TLtow = —55° C for Military Temp. Range device, -40° C for Commercial Temp. Range device 
*THicH = +125° C for Military Temp. Range device, +85° C for Commercial Temp. Range device 
a Reprinted from JEDEC Tentative Standard No. 13-B, “JEDEC Standard Specification for Description of B-series CMOS Devices.” 


tight set for products having a full op- 2. Improved voltage rating 


All RCA B-series devices are tested to 


ommended maximum operating volt- 


erating temperature range of —55°C 
to +125°C (normally used for ceram- 
ic packages), and a relaxed set for 
products having a limited tempera- 
ture range of —-40°C to +85°C (nor- 
mally used for plastic packages). Be- 
cause RCA supplies only one premi- 
um grade of B-series product in all 
package Styles (i.e., fall-out chips are 
not used), a!l B-series CMOS devices 
are specified to the tight set of limits 
only. 


voltages that insure safe operation at 
the absolute maximum dc supply 
voltage rating of 20 volts. This higher 
rating permits greater derating for re- 
liable 15-volt operation, permits great- 
er 15-volt supply tolerance and peak 
transients, and permits system use to 
18-volts with confidence. 


. Wider operating range 


All RCA B-series devices have a rec- 


age of 18 volts. This higher limit per- 
mits 18-volt system supply operation, 
and also permits wider power-source 
tolerances and transients for supplies 
normally set up to 18 volts. 


. Lower leakage current 


The JEDEC standard establishes 
three sets of limits for quiescent de- 
vice current (lbp) intended to match 
chip complexity to device leakage 
current as realistically as possible. 
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Table V - RCA Standardized Maximum Ratings and Recommended Operating Conditions for 


B-Series CMOS Integrated Circuits 


Maximum Ratings, Absolute-Maximum Values 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vss Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = -40 to +60° C (PACKAGE TYPE E) 
For Ta = +60 to +85° C (PACKAGE TYPE E) .............. 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F,K) ...... 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D, F, K, H 


oeeereer ee eee e eee eee ee ee eee steers eeeeeeee 


eevee ere eer eee eee eee eee eee eee ee eeeeeee 


eee eee eee eee eee eee eer eee seer eee eeeee 


oeeereee eee eee eee eee eee ee ee eens 


ooo erer eee eee eee ee ee eee 


vas dng snateees +10 mA 


aig kane te ae awa 500 mW 


{Powe poe le SS HALEN ROOE MER REDS MEGS CEE aes CS ee needa eee ~§5 to +125° C 


PACKAGE TYPE © ssccsceediwees due 0000 pare e0de 06080) 0559s PAW ees Ohae cesebonew ee wees -40 to +85° C 


STORAGE-TEMPERATURE RANGE (Tatg) 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max 


Recommended Operating Conditions: 


For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


erature Range) 


For all three levels of chip complexity, 
all RCA B-series devices (regardless 
of package) conform tothe tighter set 
of limits established in the standard. 
In addition, amaximum rating is spec- 
ified at 20V, as well as at 5V, 10V, and 
15V. As a result: 


(a) In current-limited applications, 


(b 
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CMOS users can depend on one 
tight leakage limit independent of 
package style selected. 

Customer use of CMOS product up 
through 18 volts is protected by a 
published tight leakage current spec- 
ification at 20 volts (as well as by an 
input leakage specification at 18 
volts). 


. Symmetrical output 


Most RCA B-series devices have bal- 
anced complementary output drive 
(i.e., the output high current lon rating 
is the same as the output low current 
lo. rating) specified to the tighter set 


CHARACTERISTIC 


Supply-Voltage Range (For 
Ta = Full Package Temp- 


of limits established in the JEDEC 
standard. The balanced output pro- 
vides uniform rise and fall time perfor- 
mance, improved system noise ener- 
gy (dynamic) immunity, optimum de- 
vice speed for both output switching 
low-to-high (tetH) and output switch- 
ing high-to-low (tpH.), and in general 
the identical high and low dc and ac 
characteristics normally associated 
with a good complementary output 
drive circuit. MOS system design, 
simulation, and performance are sig- 
nificantly enhanced by equal high 
and low dc and ac performance rat- 
ings and one tight specification limit 
for all package styles. 


. Improved input current (leakage) 


ratings 

All RCA B-series devices (regardless 
of package) have a maximum input 
leakage current (lin) rating of 100 nA 
specified at voltages up to 18 V, anda 


oer eee eee eee eee eee eee eer er eee eer ee ees 


maximum limit of 1 wA at the upper 
limit of the package-temperature 
range. Actually, the 100 nA rating is a 
practical specification limited by the 
inability of commercial test equip- 
ment to measure lower currents. Lab- 
oratory tests show that input leakage 
currents of RCA B-series CMOS de- 
vices are significantly lower than this 
limit, typically ranging from 10 to 100 
pA. 


. Buffered and unbuffered gates 


The new industry standard establish- 
es a suffix “UB” for CMOS products 
that meet all B-series specifications 
except that the logical outputs of the 
devices are not buffered and the Vit 
and Vin specifications are relaxed. 
The suffix “B” defines only buffered- 
output devices in which the output 
“on” impedance is independent of 
any and all valid input logic condi- 
tions, both preceding and present. 
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Table VI — RCA B-series CMOS Standardized Electrical Characteristics 


| conomons LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K,H Packages 
CHARACTER- Values at -40, +25, +85 Apply to E Package UNITS 
ISTIC 
Vo Vin | Yop +25 
ese eee 
Quiescent Device | -— | 05 | 5 [0.25 | 0.25 | 75 [| 75 | -— | 0.01 | 0.25 
Current, [| 0,10 | 10 | 05 | 05 | 15 | 15 | — | oor] 08 | 
oa | = | 015 | 15 | 1 | 1 | 30 | 30 | | 0.01 | 1 
inverters [| | 020 | 20 | 5 | 8 | 180 | 150 ce 
Buffers, Flip-Flops, cos | 5 | 7/7 | 3 | 3 | - [ool 7 
Latches, Multi: 5 a 
Level Gates 015 | 15 | 4 | 4 | 120 | 120 | - | o0o2| 4 | HA 
ad lie 0,20 | 20 | 20 | 20 | 600 | 600 | — | 0.04 | 20 | 
Gomplex Logic [os | 5 | 5 | 5 | 150 | 150] - | 00a] 5 
(MSI-2 Types) 010 | 10 | 10 | 10 | 300 | 300 | — | 004 | 10 
015 | 15 | 20 | 20 | 600 | 600 | — | 004 | 20 
020 | 20 | 100 | 100 | 3000 | 3000 [=| 0.08 | 700 
Ouiputtow {04 | 05 | 5 [064 | O71 | 042 [036 |osi, 7T | — 
(Sink) Current. [~05 | 0,10 | 10 | 16 | 15 | 11 | 09 | 13 | 26 | —_ 
loL Min. [15 | 015 | 15 | 42 | 4 | 28 | 24 | 34 | 68] — 
Output High | 46 | 05 | 5 | -0.64 | -0.61 | -0.42 | -0.36 | -051 | -1 | — | ™ 
(Source) pas as fs a Pe Png Pepe Paz 
Current, 010 | 10 | -16 | -15 | -11 | -09 | -13 | -26 | —- | 
on 42 { 4 [ -28 | -24 | -34 [68 | —_ 
Output Voltage: o5 | 5 | 005 | | 0.05 
Low-Level, [oro | 10 | 008 SS~«dYC (dT 08 J 
VouMax. [| = [ow [is [oo | = [| Oo fT oT] 
Output Voltage: | - [| 05 | 5 | 495 = 1 495 | 5 | - | 
High-Level  [ - | 010 | 10 | = 995 | 9.95 | 10 | - | 
lalla ——s pe | 1495 4H] TK 
Input Low rE ee a a 
Voltage, | 10 3 = | =) 3 
B Types Fk 
B Types 
a Ee 
Oe ae ee re ee a ee oe 
| 75,135] — | 15 2.5 Le =) 26). » 
InputHigh —*4| 05,45) — | 5 3.5 ei 
Voltage, Y ao | = | 40. | 7 | 7 {| - | - | 
a 
B Types 
Sa Ee a a a 
| 49 | - | 10 | 8 | - | - 
73.135] — | 15 2s] - | -_ 
l}N Max. 
3-State Output 
Leakage Current 0,18 pone | re +0.4 +0.4 212 +12 = +10-4 | +04 
loUT Max. 


4 Classifications of RCA CMOS B-Series Types are shown in Table VII. 


53 


General Operating and Application Considerations 


54 


Table Vil—Classification of RCA B-series CMOS Integrated Circuits According to Circuit Complexity 


Buffers/Flip-Flop/ 
Latches/Multi-Level 
Gates (MSI-1) 


Gates/ 
inverters 

CD4000B CD4023UB 
CD4000UB CD4025B 
CD4001B CD4025UB 
CD4001UB CD4048B 
CD4002B CD4066Ba 
CD4002UB CD4068B 
CD4007UB CD4069UB 
CD4011B CD4071B 
CD4011UB CD4072B 
CD4012B CD4073B 
CD4012UB CD4075B 
CD4016Ba CD4078B 
CD40238 CD4081B 

CD4082B 

CD40117B 


alndicates types for which, because of special design requirements, one 
or more static characteristics differ from the standardized data. Refer to 


RCA data pages on these types for specific differences. 


Complex Logic (MSI-2) 


RCA will supply both buffered (“B”) 
and unbuffered (“UB”) versions of the 
popular NOR and NAND gates to 
make available to designers the ad- 
vantages of both. The chart below 
briefly compares the features of the 
two versions (a more detailed cover- 
age of the special features of B- and 
UB-series CMOS gates is provided by 
ICAN-6558 in the Application-Notes 
section): 


. Reliability 


RCA B-series CMOS integrated 
circuits incorporate the latest im- 


Characteristic 


provements in processing technolo- 
gy and plastic and ceramic packaging 
techniques. Product quality is real- 
time controlled using accelerated- 
temperature group quality screening 
in which measured dc parameters are 
criticized against tight B-series limits. 


Figs. 7 through 10 show the standardized 
n- and p-channel drain characteristics 
for B-series CMOS devices, and Figs. 11 
through 14 shows the normalized varia- 
tion of output source and sink currents 
with respect to temperature and voltage 
in these devices. 


Buffered Unbuffered 
Version Version 
se) (“UB”) 


Propagation Delay (Speed) Moderate Fast 


Noise Immunity/Margin 
Output Impedance and 


Output Transition Time Constant 


AC Gain 

Output Oscillation for 
Slow Inputs 

Input Capacitance 


Excellent Good 
Variable 

High Medium 

Yes No 

Low High 


CD4009UB& CD4070B CD4006B CD4051Ba $CD4527B 
CD4010Ba CD4077B CD4008B CD4052Ba CD4532B 
CD4013B CD40858 CD4014B CD4053Be CD4536B 
CD4019B CD4086B CD4015B CD4054Ba CD4538B 
CD4027B CD4093B CD4017B CD4055Ba =CD4541B 
CD4030B CD4095B CD4018B CD4056Ba $$(D4543B 
CD4041UBm =CD4096B CD4020B CD4060B CD4555B 
CD4042B CD4098B CD4021B CD4063B CD4556B 
CD4043B CD4502Ba CD4022B CD4067Ba =~CD4585B 
CD4044B CD4503B CD4024B CD4076B CD4724B 

CD4047B CD40106B CD4026B CD4089B CD40100B 

CD4049UB® CD40107Ba CD4028B CD4094B CD40101B 

CD4050Ba8 CD40109Ba CD4029B8 CD4097B8 =©CD40102B 

CD40174B CD4031B CD4099B CD40103B 

CD40175B CD4032B CD4508B CD40104B 

CD40257B CD4033B CD45i0B CD40105B 

CD4034B CD4511Ba $CD40108B 

CD4035B CD4512B CD40110Bsa 

CD4038B CD4514B CD40147B 

CD4040B CD4515B CD40160B 

CD4045Ba CD4516B CD40161B 

CD4046Ba CD4517B CD40162B 

CD4518B CD40163B 

CD4520B CD40181B 

CD40182B 

CD40192B 

CD40193B 

CD40194B 

CD40208B 


B-Series Dynamic Electrical 
Characteristics 


B-series dynamic electrical characteris-~ 
tics are specified for individual types un- 
der the following conditions: Vpp = 5V; 
10V, and 15V; Ta = 25° C; C_ = 50 pF; Ri 
= 200 kQ); t, and tr = 20 ns. Table VIII lists 
dynamic characteristics specified for 


RCA B-series CMOS integrated circuits. 
Fig. 13 shows the variation of B-series 
dynamic parameters with temperature. 
Fig. 14 shows the variation of output 
transition time with supply voltage. Fig. 
15 shows the variation of the standard- 
ized output transition time with load 
capacitance. 

Maximum propagation delay or transi- 
tion times for values of C. other than the 
specified 50 picofarads can be deter- 
mined by use of the multiplication factor 
(usually 2) between the typical and max- 
imum values given in the dynamic char- 
acteristics chart included in the techni- 
cal data for each device applied to the 
typical curves, and also shown in the 
device technical data. 


<q 
E 
| 
Eiagl 
o 
S 
— 
z 
ui 
4 
4 
> 
re 
3 
z 
a 
g 
a 
= 
> 
B 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-24318R3 


Fig.7 — Typical output low (sink) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
-15 -10 -5 0) 


OUTPUT HIGH (SOURCE) CURRENT(LoH)—mA 


Fig. 10 — Minimum output high (source) cur- 
rent characteristics. 
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Fig. 13—Variation of low-to-high (tri) and 
high to low (trut) transition time, and low-to- 
high (te.n) and high-to-low (tex.) propagation 
delay time with temperature. 


B-Series Dynamic (AC) Switching 
Parameters 


Table VIII defines the major CMOS ac 
characteristics, with reference to the 
waveforms shown in Fig. 16 through 19. 
Test conditions of VDD, low capacitance 
(CL), and input conditions are given for 
individual types in the published data. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
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Fig. 8 — Minimum output low (sink) current 
characteristics. 
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Fig. 11—Variation of normalized output low 
(sink) current lo. and output high (source) 
current lon with temperature. 
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Fig. 14—Variation of low-to-high (ttitn) and 
high-to-low (tru) transition time with 
supply voltage. 
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Fig. 16 — Transition times and propagation 
delay times, combination logic. 
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Fig. 9— Typical output high (source) current 
characteristics. 
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Fig. 12—Variation of normalized output low 
(sink) current lo. and output high (source) 
current lon with supply voltage. 
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Fig. 15—Variation of transition time (trp, 
(t+, py) with load capacitance . 
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Outputs should be switching from 10% Voo to 
90% Voo in accordance with device truth table. 


Fig. 17 — Clock-pulse rise and fall times and 
pulse width. 
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—— OUTPUTS 
CONNECTED 


General Operating and Application Considerations 


Table Vill - Dynamic Electrical Characteristics - Definitions 


Characteristic 


Propagation Delay: 
Outputs going high to low 
Outputs going low to high 


Output Transition Time: 
Outputs going high to low 
Outputs going low to high 


Pulse Width-Set, Reset, Preset 
Enable, Disable, Strobe, Clock 


Clock Input Frequency 

Clock Input Rise and Fall Time 
Set-Up Time 

Hold Time 


Removal Time - Set, Reset, Preset-Enable 


Three State Disable Delay Times: 
High level to high impedance 
High impedance to low level 
Low level to high impedance 
High impedance to high level 


NOTE: (1) 


to max., or vice versa. 


(2) 


teHL 
teLH 


trot 
trtH 


twe Or twH 
for 


trot, trot 


By placing a defining min. or max. in front of definition, the limits can change from min. 


Clock input waveform should have a50% duty cycle and be such as to cause the outputs 


to be switching from 10% Vopp to 90% Von in accordance with the device truth table. 


Vv 
OUTPUTS 
CONNECTED 


SET, RESET 
OR PRESET 
Yoo 


50% - 


IC WITH 


Voo for tp_z and tpz, 
3 STATE 


O }Vss tor tpyz ond tpzH 


CS-29514RI 


| 
pt trem 


+ eT PHL 


% (H) OR (L) OPTIONAL 


CS-20069R4 


Fig. 18 — Three-state propagation delay wave 
shapes and test circuit. 


Fig.19— Setup times, hold times, removal 
time, and propagation delay times 
for positive-edge triggered sequen- 
tial logic circuits. 


CMOS Special Products 


RCA supplies a variety of special CMOS 
products that have operating supply- 
voltage ranges and other characteristics 
that differ from the standardized data 
specified for A- and B-series CMOS inte- 
grated circuits. 


These special applications types include 
flash A/D converters for use in low- 
power consumption, high-speed digit- 
ization applications; crosspoint switches 
for use in telephone and PBX systems, in 
studio audio switching applications, and 
as multisystem bus interconnects; tone 
generators for use in dual-tone telephone 
dialing systems; interface circuits for 
level-shifting applications to interface 
CMOS logic levels with different logic 
types; and display drivers non-multi- 
plexed, 4-digit, 7-segment LCD types 
containing all the circuitry necessary for 
driving conventional LCD displays 
without the need for external com- 
ponents. 
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B-Series Integrated Chreane 
Technical Data 


CD4000B, CD4001B, CD4002B, CD4025B Types 


CMOS NOR Gates 


High-Voltage Types (20-Volt Rating) 


Dual 3 Input 

plus Inverter — CD4000B 
Quad 2 Input — CD4001B 
Dual 4 Input — CD4002B 
Triple 3 Input — CD4025B 


RCA-CD4000B, CD4001B, CD4002B, and 
CD4025B NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of CMOS gates. All inputs and outputs 
are buffered. 

The CD4000B, CD4001B, CD4002B, and 
CD4025B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 
ISTIC 


Quiescent Device 
Current, 
lop Max. 


Oo 
on 
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Output Low 
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0,15 


Output High 
(Source) 
Current, 

1IOH Min. 


ge (eae 
fon) 


Output Voltage: 
Low-Level, 
VOL Max. 


0.10 
[0.10 


(=) 
On 


Output Voltage: 
High-Level, 
VOH Min. 
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nn 


Input Low 
Voltage, 
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Input High 
Voltage, 
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Input Current 
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Features: 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at —55, +25, +125 Apply to D,F,K,H Packages 
Values at —40, +25, +85 Apply to E Package 


Propagation delay time = 60 ns (typ.) at 

CL =50 pF, Vpp = 10 V 
Buffered inputs and outputs 
Standardized symmetrical output characteristics 
100% tested for maximum quiescent current at 20 V 
5-V, 10-V, and 15-V parametric ratings 
Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
Noise margin (over full package temperature 
range): 


K=D+E+F 


92CS-24757 


1VatVpp=5V 
2V at Vpp =10V 


2.5 Vat Vpp=15V CD4000B 


FUNCTIONAL DIAGRAM 


Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of ““B’’ Series CMOS Devices” 


92CS-24762 


CD4001B 
FUNCTIONAL DIAGRAM 


+25 


92CS-24758 


CD4002B 


92CS- 24760 


CD4025B 
FUNCTIONAL DIAGRAM 


FUNCTIONAL DIAGRAM 


CD4000B, CD4001B, CD4002B, CD4025B Types 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC 


Supply-Voltage Range (For T, = Full Package 
Temperature Range) _ 


MAXIMUM RATINGS, Abso/ute-Maximurn Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 


-0.5 to +20 V 
-0.5 to Vpp +0.5 V 


DC INPUT CURRENT, ANY ONE INPUT . .. a a a ee _ ’ & we &. 4 +10 mA 
POWER DISSIPATION PER PACKAGE (Pp). 
For Ta — -40 to +60°C (PACKAGE TYPE E) : 4 — —_— 500 mW 
For Ta ~ +60 to +85°C [PACKAGE TYPE E) Derate i@early at 12 mMW/°C to 200 mW 
For T,~ ==+55 to +100°C (PACKAGE TYPES D, F. K) | a 500 mw 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mw/°c to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta - FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) - & tw aN os 100 mW 
OPERATING-TEMPERATUFE RANGE (Ta) 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE (T. oa 
LEAD TEMPERATURE (DURING SOLDERING) 
At distance 1/16 * 1/32 inch (1.59 + 0.79 mm) from case for 10s max. . 2. 2... +265°C 


~§5 to +125°C 
-40 to +85°C 
—65 to +150°C 


DYNAMIC ELECTRICAL CHARACTERISTICS 
AtT, = 25 C, Input t,, tp= 20ns, a 5OpF,R, = 200k 


ALL TYPES 
LIMITS 


TEST CONDITIONS 


CHARACTERISTIC 


Propagation Delay Time, 
‘PHL. tPLH 


Transition Time, 
tTHL. tTLH 


Input Capacitance, Cin 


nee ee : ana z 


LOGIC DIAGRAM 
INVERTER AND | OF 2 GATES 
7 (NUMBERS IN PARENTHESES ARE 
Vss TERMINAL NUMBERS FOR SECOND GATE) 


*ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Fig.4 -- Schematic and logic diagrams for CD4000B. 
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Fig.1 — Typical voltage transfer characteristics. 
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Fig.2 — Typical power dissipation vs. trequency. 
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Fig.3 — Typical output low (sink) current 
characteristics. 
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Fig.6 — Minimum output low (sink) 
current characteristics. 
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CD4000B, CD4001B, CD4002B, CD4025B Types 


Yoo 
O14 
1(8,6,13) 
> 3 
(10, 4,1!) 
P P p 2(9,5, !2) 
LOGIC DIAGRAM 
3 
(8,6, 13) n 
WW n 
A (10,4, 11) 
Yoo 
p 
n 
o* 
(9, 5,12) a 
O7 Yss 
Vss * ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 
| OF 4 GATES 
(NUMBERS IN PARENTHESES gee 
ARE TERMINAL NUMBERS Sreeee! 
FOR OTHER GATES) 
Fig.6 — Schematic and logic diagrams for CD4007B. 
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Fig.8 — Schematic and logic diagrams for CD4025B. 
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Fig.9 — Typical output high (source) 
current characteristics. 
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Fig.10 — Minimum output high (source) 
current characteristics. 
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Fig.11 — Typical transition time vs. load 
capacitance. 
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PROPAGATION DELAY TIME PER GATE 
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92CS- 28906 


Fig.12 — Typical propagation delay time 
vs. load capacitance. 


CD4000B, CD4001B, CD4002B, CD4025B Types 


Yoo 
Voo Yoo Yoo . 
f INPUTS 
INPUTS INPUTS OUTPUT . 
- 7 Vss 
Yoo NOTE Via 
One MEASURE INPUTS % + 
° SEQUENTIALLY, ° SS 
Vss TO BOTH Vpp AND Vsg5 ie 
— CONNECT ALL UNUSED ™ _ 
INPUTS TO EITHER 9 
CS-2740i1RI 
Voo OR Vss NOTE eCS-2740iR 00) 
Vss Yss TEST ANY COMBINATION 
- OF INPUTS 


S- 27402 


Fig.13 — Input leakage current 
test circuit. 


92CS-27441RI 


Fig. 14 — Input-voltage 
test circuit. 


ss 


Fig.15 — Quiescent-device 
current test circuit. 


TERMINAL ASSIGNMENTS (TOP VIEW) 


J=A+B+C+0 Voo 


K=E+F+G+H 


NC=NO CONNECTION 


92CS-24445RI 


NC=NO CONNECTION 


92CS-24446RI 


CD4001B 


CD4000B 


92CS- 24447RI 
NC = NO CONNECTION 


CD4002B 


92CS-24468RI 
NC=NO CONNECTION 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 
CMOS NOR Gates Features: 


® Propagation delay time = 30 ns (typ.) at 


High-Voltage Types (20-Volt Rating) C, = 50 pF, Vpp = 10 V 
Dual 3 Input @ Standardized symmetrical output characteristics 

plus Inverter—CD4000UB = 100% tested for maximum quiescent current 
Quad 2 Input-CD4001UB at 20 V 
Dual 4 Input—CD4002UB = Meets all requirements of JEDEC Tentative 
Triple 3 Input—CD4025UB Standard No. 13A, ‘‘Standard Specifications 

for Description of ‘B’ Series CMOS Devices”’ 
@ Maximum input current of 1 uA at 18 V 

RCA-CD4000UB, CD4001UB, CD4002UB, over full package-temperature range; 
and CD4025UB NOR gates provide the 100 nA at 18 V and 25°C 92CS-24757 
system designer with direct implementation @5-V, 10-V, and 15-V parametric ratings CD4000UB 
of the NOR function and supplement the FUNCTIONAL DIAGRAM 


existing family of CMOS gates. 


The CD4000UB, CD4001UB, CD4002UB, 
and CD4025UB types are supplied in 14-!ead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


92CS-24762 
STATIC ELECTRICAL CHARACTERISTICS CD4001UB 


FUNCTIONAL DIAGRAM 
LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at —55, +25, +125 Apply to D, F, K, H Packages 


CHARACTER- Values at —40, +25, +85 Apply to E Package 
ISTIC 


Quiescent Device 
Current, 
IpDD Max. 


Output Low 
(Sink) Current 
lou Min. 


Output High 


(Source) . : : , 92CS-24758 
Current, CD4002UB 


1OH Min. 


FUNCTIONAL DIAGRAM 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 

Voltage, 
ViH Min. 
92CS-24760 


CD4025UB 
FUNCTIONAL DIAGRAM 


Input Current 
lin Max. 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC 


Supply-Voltage Range (For 
Ta = Full Package Temp- 
erature Range) 


7s 


° 25 5 75 «60 125 18 


MAXIMUM RATINGS, Abso/ute-Maximum Values: POT MONT EP es 
DC SUPPLY-VOLTAGE RANGE, (Vpp! Fig. 1 — Minimum and maximum voltage 
(Voltages referencedto Vgg Terminal) . . 2. . 2... eee, —0.5 to +20 V bransler dharabterities 
INPUT VOLTAGE RANGE,ALLINPUTS. . . . . . . . . . ).).) . 0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANYONE INPUT. . . . . . . 2. HO MA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta =—40 to +60°C (PACKAGE TYPEE) . . .. . . 500 mw 
For TA =+60 to +85°C (PACKAGE TYPEE) . . .. . Derate Linearly at 12 mW/°C to 200 mW 
For Ta = —55 to +100°C (PACKAGE TYPESD,F,K) . . . . 500 mw 7 H 
For Ta = +100 to +125°C (PACKAGE TYPES D,F,K). . . Derate Linearly at 12 mw/°C to 200 mw 1 causaeecees H 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 2 Hate AEH H 
FOR T, = FULL PACKAGE-TEMPERATURE RANGE (AII Package Types) 2. . 2 2). ~~ 100 mw 2 "FEE PPR 5 : HH 
OPERATING-TEMPERATURE RANGE (Tal 2 NT : 3 
PACKAGE TYPESD,F,K,H . . . cee ee ee te ee Ue © tO 4725%C . EEE s 'Sesee! © FE stein: 
PACKAGETYPEE-. .. Coe ee ee ee. 40 to +85°C 2, 3 Sesest teestescescscece 
5 TJ AH a1 Seenens & tt HTH 
STORAGE TEMPERATURE RANGE (Tstg) . . 2. ss ess. 65 to #150°C ; E a eee icret sestusesaceees 
LEAD TEMPERATURE (DURING SOLDERING): | Hes neat esceteseeees 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for10s max. . . . . . . . +265°C sath STH PSS eases 
: tN — a jae 
INPUT VOLTAGE (Vy)—V 
92CS-17780 
° 
DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25 C, Input t,, te = 20 ns, Fis @ sci ppiesl voltae dante thaeseesenes 
and Cc. = 50 pF, Ry = 200 KQ2 as a function of temperature. 


ALL TYPES 
LIMITS 


TEST CONDITIONS 


AMENENT TEMPERATURE (Ty) © 25°C [TT 


CHARACTERISTIC 


Propagation Delay Time, 


tpHL’ 'PLH 


ORAIN MILLIAMPERES (Ip) 


Transition Time, 


‘THL’ ‘TLH 


Input Capacitance, Cy), 


INPUT VOLTS (Vy) 
92CS-I7778 


Fig. 3 — Typical current & voltage transfer 
characteristics. 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 
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Fig. 7 — Schematic diagram for type CD4002UB. 
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Fig. 8 — Schematic diagram for type CD4025UB. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS -243/9R1 
Fig. 9 — Minimum output low (sink) 
current characteristics. 
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Fig. 10 — Typical output high (source) 
current characteristics. 
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Fig. 11 — Minimum output high (source) 
current characteristics. 
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Fig. 12 — Typical transition time vs. load 
capacitance. 


OUTPUT HIGH (SOURCE) CURRENT(LoH)—mA 


92CS-24322 


CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 
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Fig. 13 — Typical propagation delay time Pe 
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Fig. 14 — Typical power dissipation vs. frequency. 
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Yoo 
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—_ NOTE (0.102-0.254) The photographs and dimensions of each CMOS chip 
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CD4006B Types 


CMOS 18-Stage 
Static Shift Register 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4006B types are composed of 
4 separate shift register sections: two sec- 
tions of four stages and two sections of five 
stages with an output tap at the fourth 
stage. Each section has an independent 
single-rail data path. 


A common clock signal is used for all stages. 
Data are shifted to the next stage on nega- 
tive-going transitions of the clock. Through 
appropriate connections of inputs and out- 
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 


implemented using one CD4006B package. 


Longer shift register sections can be assem- 
bled by using more than one CD4006B. 


To facilitate cascading stages when clock 
rise and fall times are slow, an optional out- 
put (D;+4’) that is delayed one-half clock- 
cycle, is provided (see Truth Table for Out- 
put from Term. 2). 


The CD4006B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


TERMINAL ASSIGNMENT 


TOP VIEW 
92CS- 28973 


Vgs 


ALL INPUTS (TERMINALS 1,3,4,5,6) 
PROTECTED BY COS/MOS PROTECTION 
NETWORK 


92CS- 28974 


Features: 


® Fully static operation 

® Shifting rates up to 12 MHz @ 10 V (typ.) 

= Permanent register storage with clock line high or low — 
no information recirculation required 

® 100% tested for quiescent current at 20 V 

® Standardized, symmetrical output characteristics 

= 5-V, 10-V, and 15-V parametric ratings 

® Maximum input current of 1 vA at 18 V 


over full package- temperature range; 100 
nA at 18 V and 25 °C 


® Noise margin (full package-temperature 
range) = 1VatVpp= 5V 
2 V at Vpp = 10 V 
2.5 V at Vpop =15V 


ss 
92CS-25049R2 
FUNCTIONAL DIAGRAM 


= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 


for Descripti ‘B’ Seri ices’’ 
PCr aE ley nee eee TRUTH TABLE FOR SHIFT REGISTER STAGE 


Applications: 


® Serial shift registers ™ Frequency division 
®@ Time delay circuits 


wa 


1 =HIGH X = DON’T CARE 
a 


NC 


OUT = - 
IF 44hOR Oo =LOW LEVEL CHANGE 
5th STAGE NC = NO CHANGE 


92CS -17887RI Fig. 1 — Logic diagram and truth table (one register stage). 


RECOMMENDED OPERATING CONDITIONS at T,a* 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


Clock Pulse Width, tw 


Data Setup Time, ts 


Data Hold Time, ty 


Clock Input Frequency, fo, 


CD4006B Types 


-Maximum Values: 


Absolute 


’ 


MAXIMUM RATINGS 
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POWER DISSIPATION PER PACKAG 


FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 


FOR Ty, 
OPERATING-TEMPERATURE RANGE (T )): 


= 
e 6 
o § 
o + 
° 
~ 
Te} 
T 


PACKAGE TYPES D,F,K,H . 


PACKAGE TYPE E 2 x 
STORAGE TEMPERATURE RANGE (T 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


—A0 to +85°C 
—65 to +150°C 


92CS-24318R3 


Fig. 2 — Typical output low (sink) current 


stg) 


LEAD TEMPERATURE (DURING SOLDERING): 


characteristics. 


+0.79 mm) from case for 10s max. +265°C 


+ 1/32 inch (1.59 


At distance 1/16 


AMBIENT TEMPERATURE (Tg)=25 °C - 


LIMITS AT INDICATED TEMPERATURES (°C) 


STATIC ELECTRICAL CHARACTERISTICS 


ywu— 


vw —(HOT)IN3YHYND (ZDYNOS) HIIH LNdLNO 


Vv 


tt -30 


92CS -24319R1 
Bas Hnaaa 


Fig. 3 — Minimum output low (sink) current 


92CS~-24320R3 


—V 
Fig. 4 — Typical output high (source) current 


Basueeeseseee \esseses 


characteristics. 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
DRAIN- TO- SOURCE VOLTAGE (Vps) 


characteristics. 


AMBIENT TEMPERATURE (Ta)= 25°C 
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, +25,+125 Apply to D, F, K, H Packages 


Values at —40, +25,+85 Apply to E oe 


Values at —55 


CONDITIONS 
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Fig. 5 — Minimum output high (source) current 


characteristics. 


67 


CD4006B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7, = 25°C; Input t, ty = 20 ns, 
C, = 50 pF, R, = 200 KQ 


TYPICAL 
VALUES 


TEST CONDITIONS 
Vop (V) 


CHARACTERISTIC 


Propagation Delay Time, 
‘PHL: tPLH 


TRANSITION TIME (ttTHL»tTLH)— 9s 


Transition Time, 
‘THL 'TLH 


ini ; 0 20 40 60 80 100 
Minimum Data Setup Time, LOAD CAPACITANCE (C,_)— pF 92CS- 24322 
ts Fig. 7 — Typical transition time as a function of 
load capacitance. 


Minimum Clock Pulse Width, 
tw 


i 

Maximum Clock Input Frequency, = 
-3 
feL 2 


Maximum Clock Input Rise or Fall 
Time tCL, t¢CL* 


Input Capacitance, Cj, 


tae 


jo i 
+ ++ a SH 14 tH 


ty ose 
H FE 
as 

¢ r 
ania rH suitiiti! 


ae 
that p+ ete ++ HEE 


PROPAGATION DELAY TIME (t p 


at at rH geeeeesi 
* If more than one unit is cascaded t-CL should be made less than or equal to the sum of the transition ole aii rte mn 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. ay i Ey EHEE 


4 
LOAD CAPACITANCE ric L I pF 
92CS-29829 


Fig. 8 — Typical propagation delay time as a 
function of load capacitance. 
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Fig. 6 — Logic diagram with detail of latch. 
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CD4006B Types 


Yoo 
INPUTS OUTPUTS 
“eum 
NOTE. 
Vss TEST ANY COMBINATION 
OF INPUTS 
L 92CS- 27401RI 92CS-27441RI 
DATA * \ 
92CS-29828 Vss 
Fig. 10 — Dynamic power dissipation test Fig. 11 — Quiescent device Fig. 12 — Input voltage test circuit. 
circuit. current test circuit 
Yoo 
INPUTS 
Voo NOTE 
One MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vsg 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss 
Vss 
92CS-27402 
66-74 
(1.677-1.879) 


Fig. 13 — Input current test circuit. 


o— 
(0.102-0.254) 
109-117 
(2.769-2.971) 

92CM-29744 
The photographs and dimensions of each CMOS chip 
Dimensions in parentheses are in millimeters and represent a chip when it is part of the wafer. When the 
are derived from the basic inch dimensions as in- wafer is separated into individual chips, the angle of 


cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


dicated. Grid graduations are in mils (10— 3 inch). 


Dimensions and pad layout for CD4006BH. 
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CD4007UB Types 


CMOS 
Dual Complementary 


Pair Plus Inverter 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4007UB types are comprised of 
three n-channel and three p-channel enhance- 
ment-type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2. 


More complex functions are possible using 
multiple packages. Numbers shown in paren- 
theses indicate terminals that are connected 
together to form the various configurations 
listed. 


The CD4007 UB types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Applications: 

® Extremely high-input impedance amplifiers 
@ Shapers 

® Inverters 

® Threshold detector 

® Linear amplifiers 

& Crystal oscillators 


TERMINAL DIAGRAM 


Top View 
Yop, QI 3(P 
Se reer aus stuares chleicaail 
Q2(P) DRAIN Qi(P) SOURCE 
Q2 GATES Q3 (N) DRAIN, Q3(P) SOURCE 
Q2(N) SOURCE 03 (P) DRAIN 
Q2 (N) DRAIN ‘Q3 GATES 
QI GATES Q3 (N) SOURCE 
Vgg, Q1& Q2 & Q3(N) Q1(N) DRAIN 


SUBSTRATES QI(N) 
CE 


92CS-24449 


Features: 


® Standardized symmetrical output characteristics 


™ Medium Speed Operation — tpyj,, tpy_ py = 30 ns (typ.) 
at 10 V 


= 100% tested for quiescent current at 20 V 


@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 

® Maximum input current of 1 uA at 18 V 
over full package-temperature range; 


100 nA at 18 V and 25°C . 
Terminal No.14 — Vop 


Terminal No. 7 — Vss 


FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range 
(For T, = Full Package 
Temperature Range) 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply toD, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


+25 
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CD4007UB Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


. 6 8 3 
DC SUPPLY-VOLTAGE RANGE, (Vpp) a) Triple Inverters 80-8 80-8 
(Voltages referencedto Vgg Terminal) . 2. 2... 0... ee, —0.5 to +20 V 
I2 


INPUT VOLTAGE RANGE, ALLINPUTS.. . . . . . 2 . 0.5 to Vpp +0.5 V a 
DC INPUT CURRENT, ANY ONE INPUT. . . . . +10 mA 
POWER DISSIPATION PER\PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPEE) . . . . . . ee 500 mw (14,2,11); (8,13); 
For Ta = +60 to 85°C (PACKAGE TYPE E) . . . . .. Derate Linearly at 12 mW/°C to 200 mw (1,5); (7,4,9) 92CS - 15350 
For Ta = —55 to+100°C PACKAGE TYPES D,F,K). . . . . . . 500 mw 
For Ta = #100 to +125°C (PACKAGE TYPES D, F, K). . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 6 
PACKAGE TYPESD,F,K,H . . . tee tg 4128 b) 3 -Input NOR Gate 38] oor 
PACKAGE TYPEE ......... 2. ee ee ee —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tog) 2 5 se eee ee 65 to $150°C (13.2): (1.11): 92¢S -15349 
LEAD TEMPERATURE (DURING SOLDERING): ee PERE LE 
At distance 1/16 + 1/32 inch (1.59 £0.79 mm) from case for10s max. . . . . 2 +265°C (12,5,8); (7,4,9) 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C; Input t,, te = 20 ns, 
C, =50 pF, Ry = 200 KQ 


6 
c) 3-Input NAND Gate $8 poe 


(1,12, 1312 (2,14, 11): 92CS-15348 
(4,8); (5,9) 


CHARACTERISTIC 


Propagation Delay Time: 


(PHL. 


tPLH d) Tree (Relay) Logic 


Transition Time 


Input Capacitance CIN 


# ALL P-UNIT SUBSTRATES 
ARE CONNECTED TO Vop 
ALL N-UNIT SUBSTRATES 
ARE CONNECTED TO Voc Vss 92¢$~15329 
Voo 


(13,12,5); (4,9,8); A 
(14,2); (1,11) 


* cos, MOS INPUT 
PROTECTION NETWORK 


PARASITIC AND 


V 
DD — 
ini COMPONENTS P g OUT (Vpp)=E+ AB 
rn - DI = N’ TO P WELL OUT (Vgs)=CA+CB 
COS/MOS OUTPUT PROTECTION si ere =. 
NETWORK BETWEEN TERMINAL TPUT OS ee te 
OUTPU R2= 15-302 ae 
NOS. 1,2,4,5,8,9, Il, 12,13 TERMINAL = Vss 
AND THE CORRESPONDING 
DRAINS AND/OR SOURCES Bt " pee nee 
Vss Fig. 2 — Sample COS/MOS logic circuit arrangements 
Fig. 1 — Detailed schematic diagram of CD4007UB showing input, output, and parasitic diodes. using type CD4007UB. 
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CD4007UB Types 


e) High Sink-Current Driver 


Voo 


(6,3,10); (8.5, 12); 
(11,14); 7,4,9) 


(OPTIONAL Voo PULL-UP) 
aa 
pet ee b= 


92CS-15330 Vss 


(6,3,10); (13,1,12); 


f) High Source-Current Driver 
(14,2,11); (7,9) 


Yoo 


be 
"| (OPTIONAL VggPULL-DOWN) 
Vs 


Ss 92CS-15327 


g) High Sink - and Source-Current Driver h) Dual Bi-Directional Transmission Gating 


Voo 


92CS- 15347 


(1,5,12); (2,9); 


. 1 rt 
(6,3,10); (14,2,11); (11,4); (8,13,10); 


(7,4,9); 13,8,1,5,12) Veg  9208-!5328 (6,3) 
Fig. 2 — Sample COS/MOS logic circuit arrangements using type CD4007UB (Cont’d). 


AMBIENT TEMPERATURE (Tg)*25°C 


AMBIENT TEMPERATURE (T,) = 25°C [71 
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DRAIN MILLIAMPERES (Ip) 


5 75 10 125 15 
INPUT VOLTAGE (Vz )—V 


25.5 #75 0 125 15 0 


INPUT VOLTAGE (Vy; )—V 92CS-17787 


92CS - 26636Ri 
Fig. 6 — Minimum and maximum voltage-transfer 
characteristics for inverter. 


Fig. 7 — Typical current and voltage-transfer 
characteristics for inverter. 


A-SINGLE INPUT ONLY 
B—TWO INPUTS ONLY 


C— THREE INPUTS 


% OTHER INPUTS 
SWITCHES TO Vop 


OUTPUT VOLTAGE (V9) —V 


te) 2.5 5 75 10 12.5 15 
INPUT VOLTAGE (Vy)—V 
92CS- 17786 


Fig. 3 — Typical voltage-transfer characteristics 
for NAND gate. 


A— SINGLE INPUT ONLY 
B— TWO INPUTS ONLY 
C — THREE INPUTS 
% OTHER INPUTS 
SWITCHED TO GROUND 

a! 


OUTPUT VOLTAGE (Vo) —V 


AK e 
ie} ’ 5 7.5 10 12.5 15 


INPUT VOLTAGE (Vr)—V 
92CS-17867 


Fig. 4 — Typical voltage-transfer characteristics 
for NOR gate. 


ou 
So 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 


0 5 10 15 92CS-24318R3 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


Fig. 5 — Typical output low (sink) 
current characteristics. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V_ —_- 92S -2431 91 
Fig. 8 — Minimum output low (sink) 
current characteristics. 
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CD4007UB Types 


- - TA Vi —V 
miei pies ee ne igs? : ; AMBIENT TEMPERATURE (Ta)#25°C 43 Yop 
SS SSRARSADOROBLESSSERr 
a2 aeee 
INPUTS 
Voo NOTE 
. MEASURE INPUTS 

6 SEQUENTIALLY, 
Vss TO BOTH Vp AND Vss: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vs 


Vss 
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Fig. 15 — Input current test circuit. 


OUTPUT HIGH (SOURCE) CURRENT(IL09H)—mA 


ese “oo 
SORES TTS Oe GERBER eee 
CLEC EEE CCE ECC LCE fe) 20 40 60 80 100 
wane dusewes LOAD CAPACI ANCE (CL_)— pF INPUTS OUTPUTS 
. . . 92CS-24322 
Fig. 9 — Typical output high (source) Vin 
current characteristics. Fig. 13 — Typical transition time vs. load oe zi 
. ° = 
capacitance. ViL 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V ore: 
-15 -10 -5 ) TEST ANY ONE INPUT 
AMBIENT TEMPERATURE (Ta)= Wolvessesssccs Vss WITH OTHER INPUTS AT 
HHH Voo OR Vss 


92CS- 27400RI 


Fig. 16 — Input voltage test circuit. 
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LOAD CAPACITANCE (C L)= 15 pF ——— 
(CL) = 50 pF 


DISSIPATION PER GATE (Pp )—»W 


OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


468 2 
106 107 


468 468 68 
102 108 104 105 
92C$-24321R2 INPUT FREQUENCY (f; )—Hz 


Fig. 10 — Minimum output high (source) 92S - 28634 
current characteristics. 


Fig. 14 — Typical dissipation vs. frequency 
characteristics. 92CS- 27401RI 


Fig. 17 — Quiescent device current test circuit. 
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Fig. 11 — Typical voltage-transfer characteristics 
as a function of temperature. 
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. DIMENSIONS AND PAD LAYOUT FOR CD4007UBH 

a The photographs and dimensions of each CMOS chip 
5 represent a chip when it is part of the wafer. When the 
& Dinsantions in patentieees acai wilimetereaia an wafer is separated into individual chips, the angle of 


cleavage may vary with respect to the chip face for 


_ derived from the basic inch dimensions as indicated. different chips. The actual dimensions of the isolated 
” = a0 =e we oe Grid graduations are in mils (10~2 inch) . . . . 
LOAD CAPACITANCE (CL)-—pF 92C5-24434R1 g ‘ : chip, therefore, may differ slightly from the nominal 
Fi ; . : dimensions shown. The user should consider a tolerance 
ig. 12 — Typical propagation delay time vs. of —3 mils to +16 mils applicable to the nominal 
load capacitance. dimensions shown. 
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CD4008B Types 


CMOS 4-Bit Full Adder 


With Parallel Carry Out 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4008B types consist of four 
full adder stages with fast look ahead carry 
provision from stage to stage. Circuitry is 
included to provide a fast ‘‘parallel-carry-out”’ 
but to permit high-speed operation in arith- 
metic sections using several CD4008B’s. 
CD4008B inputs include the four sets of bits 
to be added, Aj to Aq and By to Bg, in 
addition to the “Carry In’ bit from a pre- 
vious section. CD4008B outputs include the 
four sum bits, S; to Sq. In addition to the 
high speed “‘parallel-carry-out’’ which may be 
utilized at a succeeding CD4008B section. 


The CD4008B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


CONDITIONS 
CHARACTER- 


ISTIC 


Quiescent Device 
Current, 
IDD Max. 


Output Low 
(Sink) Current 
lot Min. 


Output High 
(Source) 
Current, 


1IOH Min. 


E 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
VIH Min. 


Input Current 
lin Max. 
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| > N 
NO Ne) oO 


Features: 


ws 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 


Applications: 


8 


4 sum outputs plus parallel look-ahead carry-output 
High-speed operation — sum in-to-sum out, 160 ns typ; 
carry in-to-carry out, 50 ns typ. at Vpp = 10 V, 
C_ = 50 pF 
Standardized, symmetrical output characteristics 
100% tested for quiescent current at 20 V 
Maximum input current of 1 uA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 
Noise margin (over full package tempera- 
turerange): 1VatVpp=5V 

: 2V at Vpp = 10 V 

2.5 V at Vpp = 15 V 


2 
3 
4 
5 
6 
7 
8 


TOP VIEW 
92CS-24450 


CD4008B 
TERMINAL ASSIGNMENT 


Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


Binary addition/arithmetic units 


ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


92CS-27643 


Fig.1 — CD4008B logic diagram. 
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CD4008B Types 


AMBIENT TEMPERATURE (Ta }#25°C Tan on 
SsSsssCgsssetsesegetssSeeseese eesessese tent seStty 
SERRA eg a 


ses 
ees tt} it peas + 
ee eC Nt Hi Ede 
+ +t tt 
ai ELT 
; 
f 


RECOMMENDED OPERATING CONDITIONS at 7,4 = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


LIMITS 


—ns 
> 


CHARACTERISTIC 


PLH) 


1 


Supply-Voltage Range (For 
Ta = Full Package Temp- 
erature Range) 


(PHL: 


SUM-IN TO SUM-OUT PROPAGATION DELAY TIME 


a 


oe Heras 


60 100 120 
es (CL)— pF 


S 
° 


92CS-28304 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


s ome! ° of . ° d / 
DC SUPPLY-VOLTAGE RANGE, (Vpp) Fig.3 — Typical sum-in to sum-out propagation delay 


time vs. load capacitance. 


(Voltages referenced to Vgg Terminal) . . . 2. 1. 1 1 eee eee —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS. . . . . . . . 2. .) .) . -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT . . . . . 2... ee eee eee HO MA : 
POWER DISSIPATION PER PACKAGE (Pp): 4 SEES 
For Ta = —40 to +60°C (PACKAGE TYPEE) . . .. . . 500 mw a 
For Ta = +60 to +85°C (PACKAGE TYPEE) . . . . .  Derate Linearly at 12 mW/°C to 200 mW 3 
For Ta = —55 to +100°C (PACKAGE TYPES D,F,K) . . . . 500 mw z> 
For Ta = +100 to +125°C (PACKAGE TYPES D, F,K). 2. Derate Linearly at 12 mw/°C to 200 mW ay 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR te 
FOR T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . . 100mW =< 
OPERATING-TEMPERATURE RANGE (Ta) a 
PACKAGE TYPES D,F,K,H . . . <¢ @ et we ee me w » “OS tHFIBSEPC S 
PACKAGE TYPEE . . . Seen uw ete t owe —40 to +85°C $ 
STORAGE TEMPERATURE RANGE is yo ee 65 to 150°C S 
LEAD TEMPERATURE (DURING SOLDERING): _ 
At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for10smax. . . . . . +265°C 


0 20 40 60 80 100 120 140 
LOAD CAPACITANCE (C; )— pF 


92CS-28305 


Fig.4 — Typical carry-in to carry-out propagation 
delay time vs. load capacitance. 


AMBIENT boonies (Ta )#25°C 


2(50)+ 90 + 155 
SIZ-16 50+50+90+155 5 (6)_Co) + ( Si- Co) + (Ci-So) #345 


50 90 155 
S$9-12 50+ 90+ 155 (Ci-Co)+ (Si-Co) + (Ci-So) 


CARRY-IN TO SUM-OUT PROPAGATION DELAY TIME 


— 


LOAD CAPACITANCE (CL )— pF 
92CS - 28306 
Fig.5 — Typical carry-in to sum-out propagation delay 


55-8 90 +155 (Si-Co)+(Ci-So) = 90+ 155 time vs. load capacitance. 


160 (Si-So) 


S$1-4 oS Ss st ie 
Bestest Oo, 


+ — Vays 


ALL SUMS SETTLED AFTER 345 ns 
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' 
x 
aj 
a 
x 
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92CS -33074 


SUM -IN TO CARRY- OUT PROPAGATION DELAY TIME 


Fig.2 — Typical propagation delay for a 16-bit adder (10 V operation). eiestesats ETH 
Oo 20 40 #60 80 0 120° #140 
LOAD CAPACITANCE (C,)— pF 
92CS- 28307 
Fig.6 — Typical sum-in to carry-out propagation delay 
time vs. load capacitance. 
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CD4008B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 


At T, = 25°C; Input t,, tg= 20ns, C, = 50 pF, R, = 200k 


CHARACTERISTIC 


Propagation Delay Time: 
tPHL. tPLH 
Sum In to Sum Out 


Carry In to Sum Out 


Sum In to Carry Out 


Carry In to Carry Out 


Transition Time: 
tTHL, tTLH 


Input Capacitance, Cijyy 


AMBIENT TEMPERATURE (Ta)= 25°C! i HE 
caanne eo : : tae 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


Fig.9 — Typical output low (sink) 
current characteristics. 


Vss 
92CS-2740IRI 


Fig. 12 — Quiescent-device-current test circuit. 
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2431AR2 


LIMITS 
ALL TYPES 


ow —mA 


ste ttt +t + 


OUTPUT LOW (SINK) CURRENT (I 


+o bg 
feta t+ te pete 
+++ + 
+++ ++ 
GER ER REE ESE 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
Fig.10 — Minimum output low (sink) 
current characteristics. 


Voo 
INPUTS OUTPUTS 
Vix 
ON es : = 
° = 
Viv + 
NOTE: 
92CS-27441R! Vss TEST ANY COMBINATION 
OF INPUTS 


Fig.13 — Input-voltage test circuit. 


DRAIN- TO-SOURCE VOLTAGE (Vps)]—V 
-15 -10 -5 0) 


HH 
OUTPUT HIGH (SOURCE) CURRENT(I 9H)—mA 


972CS- 243520R3 


Fig.7 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


5 
AMBIENT TEMPERATURE (Ta)= 25°C +} ae 
HHH HHH ie 

=~2t8 


+ 
Hy GATE - TO - rir VOLTAGE a i Ve 


OUTPUT HIGH (SOURCE) CURRENT(IOH)—mA 


92CS-24 321K? 


Fig.8 — Minimum output high (source) 
current characteristics. 
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LOAD CAPACITANCE (C_)#ISpF 
---- Cy *50pF 


+h A TAS 
CORN 


BRANNAN 


INPUT FREQUENCY (fg) — kHz 
92CS-17825RI 


Fig.11 — Typical dissipation characteristics. 


00 


INPUTS 


Yoo NOTE 


MEASURE INPUTS 
SEQUENTIALLY, 

Vss TO BOTH Vop AND Vs 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
92CS 27402 Yoo OR Vss 


Vss 


Fig.14 — Input current test circuit. 


O ’ 7 7 7 


| 4-10 
(0.102- oe 


(2. 108 - ~2 il) 


Dimensions in parentheses are in milli- 
meters and are derived from the basic 
inch dimensions as indicated. Grid 
graduations are in mils (10-3 inch). 


60 70 i 7 


79-87 
(2.007 - 2.209) 


92CS -27745 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual! dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and Pad Layout for CD4008BH 


CD4008B Types 
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CD4009UB, CD4010B Types 


CMOS Hex 
Buffers/Converters 


High-Voltage Types (20-Volt Rating) 


Inverting Type: CD4009UB 
Non-Inverting Type: CD4010B 


\ 


The RCA-CD4009UB and CD4010B Hex 
Buffer/Converters may be used as CMOS to 
TTL or DTL logic-level converters or CMOS 
high-sink-current drivers. 


The CD4049UB and CD4050B are preferred 
hex buffer replacements for the CD4009UB 
and CD4010B, respectively, in all applica- 
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069UB Hex Inverter is 
recommended. 


The CD4009UB and CD4010B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


MAXIMUM RATINGS, Abso/lute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp, vec) 
(Voltages referenced to Vss Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 
For Ta = —55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 


OPERATING-TEMPERATURE RANGE naS 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E , 
STORAGE TEMPERATURE RANGE ne ) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


OUTPUT spe 
_GND 


CONFIGURATION: 
HEX COS/MOS TO DTL OR TTL 
CONVERTER (INVERTING) 

WIRING SCHEDULE: 

CONNECT Vcc TO DTL OR 
TTL SUPPLY. 

CONNECT Ypp TO COS MOS 
SUPPLY 


92SS-4139Ri 


Fig. 1 — Schematic diagram of CD4009UB— 
1 of 6 identical stages. 
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NC*NO CONNECTION 


Features: 


= 100% tested for quiescent current at 20 V 

# Maximum input current of 1 uA at 18 V over full 
package-temperature range; 100 nA at 18 V and 25°C 

# 5-V, 10-V, and 15-V parametric ratings 


Applications: 
= CMOS to DTL/TTL hex converter 
es CMOS current “sink” or “source” 
driver 
= CMOS high-to-low logic-level 
converter 
a Multiplexer — 1 to 6 or 6 to 1 as 


CD4009UB 
FUNCTIONAL DIAGRAM 


1e@ 
2 
3 
4 
5 
6 
€ 
8 


BNOAVRBUNGE 
e 


TOP VIEW TOP VIEW 


92CS-2445IRI 92CS-24452RI 


NC = NO CONNECTION 


CD4009UB CD4010B 


TERMINAL ASSIGNMENTS 


92SS-4142R2 


10B 


CD40 
—0.5 to +20 V FUNCTIONAL DIAGRAM 


—0.5 to Vpp +0.5 V 
+10 mA 


‘ 500 mW 
Derate Linearly at 12 mW/°C to 200 mW 
F 500 mW 
Derate Linearly at 12 mW/°C to 200 mW 


= 


100 mW 


—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


OUTPUT VOLTS (Vo) 


+265°C 


8 
INPUT VOLTS (V,) 
92CS-20067 


Fig. 3 — Minimum and maximum voltage transfer 
characteristics—CD4009UB. 


Vcc 


OUTPUT ——VYcc 
J a __ GND 

CONFIGURATION: 

HEX COS/MOS TO DTL OR TTL 

CONVERTER (NON-INVERTING) 

WIRING SCHEDULE: 

CONNECT Vcc TO DTL OR 

TTL SUPPLY 

CONNECT Ypp TO COS/MOS 


SUPPLY. 


* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Vss 


92SS-4141R2 


Fig. 2 — Schematic diagram of CD4010B— 
1 of 6 identical stages. 


CD4009UB, CD4010B Types 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC 


Supply-Voltage Range (For Tq = Full 
Package Temperature Range), Vpp 3 V 
; 


OUTPUT VOLTS (Vo) 


Vcc 
° 2 4 6 8 10 12 
, ; aa INPUT VOLTS (Vv) 
*The CD4009UB and CD4010B have high-to-low level voltage conversion capability but not low-to- 92CS-17837 
high level, therefore it is recommended that Vpp >= V} = Vcc. Fig. 4 — Typical voltage transfer characteristics 


as function of temp.—CD4009UB. 


AMBIENT TEMPERATURE (Ta )*25C 
COLLECTOR SUPPLY VOLTAGE (VQd*5V- ' 


STATIC ELECTRICAL CHARACTERISTICS 


Limits At Indicated Temperatures (°C) 
CHARAC- CONDITIONS |Va/ues at —55,+25,+125 Apply to D,F,K,H Pkgs. 
TERISTIC Values at —40,+25,+85 Apply to E Package 
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(e) 
< 
iw] 
oO 
seses 


< 
< 


woln =10 a 
oto oto a 
Slolo 
— 
ya 
| 
S11 JO] wla]Pl@}nl al, 
on NM} SOLO] RIN] O 
o1 (3) 


Quiescent 
Device 
Current, Ippo 
Max. 

Output Low 
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Current 
lOL Min. 
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(Source) 
Current 
lOH Min. 

Output Voltage: 
Low-Level, 
VOL Max. 
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INPUT VOLTS (vy) 
92CS-19955 
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Fig. 5 — Minimum and maximum voltage transfer 
characteristics (Vpp=5)—CD40108B. 
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COLLECTOR SUPPLY VOLTS (Vcc) = +54 
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OUTPUT VOLTS (Vo) 


~ 


Output Voltage: 
High-Level, 
VOH Min. 
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ut ogo pases tse: see pare 
EEAaseeg antes faceesteneed? get staeeee pee fe SPSS 
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eee 


0 10 


INPUT VOLTS (¥}) 
925S-4195R1 
Fig. 6 —Minimum and maximum voltage transfer 


characteristics (Vp p=10)—CD4010B. 


! 
AMBIENT TEMPERATURE (Ta) = 25°C id] 
COLLECTOR SUPPLY VOLTS (Vcc) = +5|{:i¥I 
DRAIN SUPPLY VOLTS (Vpp) = +15 Be ss daetucey is espanian eee 
Fal es eee Sees se ie 
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| Fl es 


Input Low 
Voltage: 
VIL Max. 
CD4009UB 

Input Low 
Voltage: 
VIL Max. 
CD4010B 

Input High 
Voltage: 
Vi Min. 
CD4009UB 

Input High 
van Min. me: 

1H Fee ee ee 
CD4010B 0 2 r 


= 


OUTPUT VOLTS (Vo) 


0 12 14 


9255-4203R1 


Sener ad 
= eoee 6 

6 8 1 
INPUT VOLTS (¥)) 


Fig. 7 — Minimum and maximum voltage transfer 
characteristics (Vpp=15)—CD4010B. 
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CD4009UB, CD4010B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7 4=25°C; Input t,, t-=20 ns, 
C, =50 pF, R, =200 KQ 


LIMITS 
CONDITIONS Pen 
VDD ™) Vcc UNIT 
(v) (v) (v) TYP. 


CHARACTERISTIC 


Propagation Delay Time: 
Low-to-High, tPLH 


CD4009UB 


CD4010B 


High-to-Low, tpHL 


CD4009UB 


CD4010B 


Transition Time: 
Low-to-High, tTLH 


High-to-Low, tTHL 


Input Capucitance, —+*— 
CD4009UB 


CD4010B 


DRAIN-TO-SOURCE VOLTAGE ( Vps)— V 
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92CS-2765IRI 
Fig. 11 — Typical output high (source) 
current characteristics. 
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DRAIN-TO-SOURCE VOLTAGE ( Vps)— V 


92CS- 27652RI 


Fig. 12 — Minimum output high (source) 
current characteristics. 
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Fig. 8 —Typical voltage transfer characteristics 
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as a function of temperature—CD4010B. 


AMBIENT TEMPERATURE (Ta )#25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip*-0.3%/°C 


ORAIN-TO-SOURCE VOLTS (Vpg) 
92CS- 17838RI 


Fig. 9 — Typical output low (sink) 
current characteristics. 


seuss senses seesssesss 
AMBIENT TEMPERATURE (T,)= alcd sausees SususuEsEs 
2 ase oae oe 


sssssaatsesiseei: 


Torr SeueeSeueeueusua ann 
pecs casecasacessscsessesssess 
4. eeussa Seo ceeasanes 
! BSE ESRD CSRs SRE eee 
10 15 20 
DRAIN-TO-SOURCE VOLTS (Vos) 
92CS-I17876Ri 


Fig. 10 — Minimum output low (sink) 


current characteristics. 
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LOAD CAPACITANCE (CL) ~~ pF ariceosreks 


Fig. 13 — Typical low-to-high propagation delay 


time vs. load capacitance (CD4009UB). 


HIGH-TO-LOW PROPAGATION DELAY TIME (tpyi)—ns 


LOW-TO-HIGH TRANSITION TIME (ty, })—ns 
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LOAD CAPACITANCE (CL )— pF 
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92CS-27654 
Fig. 14 — Typical high-to-low propagation delay 
time vs. load capacitance (CD4009UB). 
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Fig. 17 — Typical low-to-high transition 
vs. load capacitance. 
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CD4009UB, CD4010B Types 
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92CS-27656 
Fig. 15 — Typical low-to-high propagation delay 
time vs. load capacitance (CD4010B). 


Fig. 16 — Typical high-to-low propagation 
delay time vs. load capacitance (CD4010B). 
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Fig. 19 — Typical dissipation characteristics. 
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Fig. 18 — Typica/ high-to-low transition time 
vs. load capacitance. 


time 


Vv 73 
0D Voo 
INPUTS OUTPUTS 
ViH 
° - 
Vit : 
NOTE: 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 
Voo OR Vss- 50-58 
92CS- 27400R! (1.270 -1.473) 
Vss 
92CS-2740!IRI 
Fig. 20 — Quiescent device current Fig. 21 — Noise immunity test 
test circuit. circuit. 
1@) 
Voo (0.102-0.254) 
10-78 
lie (1.778- 1.981) 92CS-27650 

Voo 

° o 

Vss 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. Pho tograph of chip for CD4009UB. 

NOTE Grid Graduations Are In Mils (10—3 Inch) Di ae f 
MEASURE INPUTS Vss imensions and pad layout for 
SEQUENTIALLY, 9258-27402 The photographs and dimensions of each CMOS chip CD4010B are identical. 


TO BOTH Vpp AND Vss: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vou A Veg" 


Fig. 22 — Input current test 
circuit. 


represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4011B, CD4012B, CD4023B Types 
CMOS NAND GATES 


High-Voltage Types (20-Volt Rating) Features: 

= Propagation delay time = 60 ns (typ.) at 
Quad 2 Input — CD4011B C._ = 50 pF, Vpp = 10 V 
Dual 4 Input — CD4012B ® Buffered inputs and outputs 


Standardized symmetrical output characteristics 
@ Maximum input current of 1 uA at 18 V 


over full package temperature range; 


NAND gates provide the system designer 
with direct implementation of the NAND 


Triple 3 Input — CD4023B 


= 100% tested for quiescent current at 20 V 


function and supplement the existing family = 5-V, 10-V, and 15-V parametric ratings 

of CMOS gates. All inputs and outputs are = ™ Noise margin (over full package temperature 
buffered. range: 

The CD4011B, CD4012B, and CD4023B 1VatVpp=5V 

types are supplied in 14-lead hermetic dual- 2 V at Vpp = 10 V 

in-line ceramic packages (D and F suffixes), 2.5 Vat Vpp = 15 V 

14-lead dual-in-line plastic packages (E suf- 

fix), 14-lead ceramic flat packages (K suffix), = Meets all requirements of JEDEC Tentative 
and in chip form (H suffix). Standard No.13A, “Standard Specifications 


for Description of ““B’’ Series CMOS Devices” 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) . . 2... 7 ee eee ee ee 0.5 10 +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS. ..... . . . . . 0-05 to Vop +05 V 
DC INPUT CURRENT, ANY ONE INPUT... . . ee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = —40 to +60" C(PACKAGETYPEE). ... . . 500 mw 

For T, = +60 to +85°C (PACKAGE TYPE E). . . . Derate Lineariva at 12 mw/° C to 200 mW 

For Tp, = -55 to +100°C (PACKAGE TYPESD,F,K) . . . . . 500 mw 

For T, = +100 to +125°C (PACKAGE TYPES D,F,K) . . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . ... 100 mW 
OPERATING-TEMPERATURE RANGE (T a): 

PACKAGE TYPESD,F,K,H . . . . . we ee 55 to $1:25°° 

PACKAGE TYPEE . . ~_eaeen vee ee eg we —40 to +85°C 
STORAGE TEMPERATURE RANGE ih Cok be ee ee eee ey) = 65 to +150°C 
LEAD TEMPERATURE (DURING SOLDE Eat 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. oe ew eee #265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package 
Temperature Range) 


TERMINAL ASSIGNMENTS 


TOP VIEW 
T VIEW TOP VIEW 
92CS-24453 i 92CS-24454RI 9275-24465 
NC2NO CONNECTION 


CD4011B CD4012B CD4023B 
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92CS-24763 
CD4011B 


FUNCTIONAL DIAGRAM 


cp401i2B «(°° 


FUNCTIONAL DIAGRAM 


CD4023B) 9°“ 
FUNCTIONAL DIAGRAM 


24759 


24761 


CD4011B, CD4012B, CD4023B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply toD, F, K, H Packages 
CHARACTER- Value$ at —40, +25, +85 Apply to E Package 
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Fig.4 — Minimum output /ow (sink) current Fig.5 — Typical output high (source) current 
characteristics. characteristics. 
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Fig.1 — Typical voltage transfer characteristics. 
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Fig.2 — Typical power dissipation characteristics. 
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Fig.3 — Typical output low (sink) current 
characteristics. 
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CD4011B, CD4012B, CD4023B Types 


2*12) 
9 ,6,13) 


249,5,12) 


3 (10,4,11) 
; 4*(10) 
O) 


Vss 


* 
5 (9) 
oo 0 


1(8,6,13) 
3 
(10,4,11) 
2(9,5,12) n n 
Vss LOGIC DIAGRAM 


* ALL INPUTS ARE PROTECTED | OF 4 GATES (NUMBERS 
BY COS/MOS PROTECTION IN PARENTHESES ARE 
NETWORK TERMINAL NUMBERS 

FOR OTHER GATES) 


Fig.7 — Schematic and logic diagrams for CD401 1B. 


| OF 2 GATES (NUMBERS IN 70 
PARENTHESES ARE TERMINAL Vv 
NUMBERS FOR OTHER GATES) ss 


SC0,00) 


* 
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5(8,13) 


4* (2,12) 
LOGIC DIAGRAM 


DD 


er oar 


Vss 


5*(8,13) 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 


NET WORK 

| OF 3 GATES (NUMBERS IN 

PARENTHESES ARE TERMINAL 70 

NUMBERS FOR OTHER GATES) Vss aseuleesi 


Fig. 9 — Schematic and logic diagrams for CD40238B. 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At T, = 25°C, Input t,, tp = 20.ns,C, = 50 pF, R, = 200kQ 


ALL TYPES 


TEST CONDITIONS LIMITS 


CHARACTERISTIC 


Propagation Delay Time, 
tPHL. tPLH 


Transition Time, 
tTHL. tTLH 
Input Capacitance, Cipy 


2(12) 
301) 
113) 


4(10) 


5(9) 
LOGIC DIAGRAM 


(13) Vgs 
n * ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 


NET WORK 


92CM - 28926 


Fig.8 — Schematic and logic diagrams for CD4012B. 


Priseses 


PROPAGATION DELAY TIME PER GATE 


i0 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (C,) — pF 


92CS- 286906 


Fig.10 — Typical propagation delay time per gate 
as a function of load capacitance. 


AMBIENT TEMPERATURE (Ta)= 


TRANSITION TIME (trHL.tTLH)—A7s 


0 20 #40 +260 80 100 
LOAD CAPACITANCE (C,)— pF 


92CS - 24322 


Fig.11 — Typical transition time as a function of 
load capacitance. 
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CD4011B, CD4012B, CD4023B Types 


Vv 
DD ” 
Vv 
. oi INPUTS OUTPUTS INPUTS 
V NOTE 
. a + ND) en MEASURE INPUTS 
sé ia i SEQUENTIALLY, 
Yin E Vss TO BOTH Vpp AND Vgs: 
ial CONNECT ALL UNUSED 
INPUTS TO EITHER 
; waco Voo OR Vgs° 
Vss TEST ANY COMBINATION wee 
00) OF INPUTS 
92CS-27441RI 92CS- 27402 
9 Fig.13 — Input-vo/tage test circuit. Fig.14 — Input-current test circuit. 
SS 


92CS-27401R! 


Fig.12 — Quiescent-device-current test circuit. 


CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 


42-50 
20= (1.067-1.270) 


= 4-10 
(0.102-0.254) 


61-69 (0.102—0.254) 
= 66-74 
aa, tinea (1.667—1.879) 92CS- 28883 
92CS- 35052 
CD4011BH CD4012BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 


57-65 dicated. Grid graduations are in mils (10-3 inch). 
(1.448-1.651) 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
o- of —3 mils to +16 mils applicable to the nominal 


les 4-10 dimensions shown. 
102-0-254) 
ee 66-74 
1.667- 1.879) 


92CS-35061 


CD4023BH 
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CD4011UB, CD4012UB, CD4023UB Types 


CMOS NAND Gates 


High-Voltage Types (20-Volt Rating) 


Quad 2 Input — CD4011UB 
Dual 4 Input — CD4012UB 
Triple 3 Input — CD4023UB 


The RCA-CD4011UB, CD4012UB, and 
CD4023UB NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of CMOS gates. 

The CD4011UB, CD4012UB, and CD4023UB 
types are supplied in 14-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


' a 
TS 


ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Yss 92CS -1S969RI 


Fig. 1 — Schematic diagram for type CD4012UB. 


Features: 

= Propagation delay time = 30 ns (typ). at 
Cy = 50 pF, Vpp = 10 V 

= Standardized symmetrical output 
characteristics 

= 100% tested for quiescent current at 
20 V 

@ Maximum input current of 1 vA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 

m 5-V, 10-V, and 15-V parametric ratings 

= Meets all requirements of JEDEC Tentative 


Standard No. 13A, ‘’Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 
92.8- $9°ORI 


Vss 


Fig. 2 — Schematic diagram for type CD4011UB. 


ie Yoo 
ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK _ 


Fig. 3 — Schematic diagram for type CD4023UB. 


32CS-'71B5Ri 


92CS-24763 


CD4011UB 
FUNCTIONAL DIAGRAM 


92CS-24759 


CD4012UB 
FUNCTIONAL DIAGRAM 


92CS- 249761 


CD4023UB 
FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING 
CONDITIONS 


For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


CHARACTERISTIC 


Supply Voltage 


Range (For Ta= 
Full Package Tem- 
perature Range) 


CD4011UB, CD4012UB, CD4023UB Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referencedto Vgg Terminal) . . . 2. 2. . . we ee, —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS. . . . . . . 2... . . 0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONEINPUT . . . . . . . . IO MA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta =—40 to +60°C (PACKAGE TYPEE) . . . . . . 2... 500 mw 
For Ta = +60 to +85°C (PACKAGE TYPE E) . . . . .~ Derate Linearly at 12 mW/°C to 200 mW 
For Ta = —55 to +100°C (PACKAGE TYPESD,F,K) . . . . 2. 2... 500 mw 
For Ta = +100 to +125°C (PACKAGE TYPES D,F,K). . . Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . =. 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H i ¢ eee © be ee oe ee & » et SF | 
PACKAGETYPEE .. ». & ¢ #0 » # » k » & © * & # wo 4 —40 to +85°C INPUT VOLTAGE (Vy )—V 
STORAGE TEMPERATURE RANGE (Tog)... - ee ee 85 to #150°C ee 
LEAD TEMPERATURE (DURING SOLDERING): 


Fig. 4 — Minimum and maximum voltage 


At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for 10s max. . . . 2. . +265°C transfer characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55 +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25,+85 Apply to E Package 
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Fig. 5 — Typical voltage transfer characteristics 


LA as a function of temperature. 
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Fig. 6 — Typical multiple input switching transfer 
characteristics for CD4012UB. 
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CD4011UB, CD4012UB, CD4023UB Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 


AMBIENT TEMPERATURE (Tale25°C CCE ete 
At T, = 25°C, Input t,, te= 20.ns, and C, = 50 pF, R, = 200kQ secs 


ou 
(e) 


ALL TYPES 


TEST CONDITIONS LIMITS 


nN 
an 


CHARACTERISTIC Vv UNITS 


Propagation Delay Time, 


OUTPUT LOW (SINK) CURRENT (Io) —mA 
n 
(e] 


"PHL 'PLH 
e 
fe) 5 fe) 5 
T ‘tion Ti DRAIN-TO-SOURCE VOLTAGE (Vps)—V eecaterees 
ransition Time ee 
: 100 Fig.8 — Typical output low (sink) current 
tTHL: "TLH 40 80 characteristics. 
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Fig. 9 — Minimum output low (sink) current Fig. 10 — Typical output high (source) current Fig. 11 — Minimum output high (source) current 
characteristics. characteristics. characteristics. 
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Fig.15 — Quiescent device current test circuit. Fig.16 — Input vo/tage test circuit. Fig.17 — Input current test circuit. 


CD4011UB, CD4012UB, CD4023UB Types 


TERMINAL ASSIGNMENTS 


Yoo Je 
H 
G 
M=GH 
L=EF 
F 
E 
i il NC=NO CONNECTION sel aicalaal sie ical 
TOP VIEW TOP VIEW TOP VIEW 
CD4011UB CD4012UB CD4023UB 
CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 
fe) 10 20 he) 40 50 60 69 
65 -! | | | | | l 
60 — 
50- : 
40- 
62-70 
(1.575-1.778) 
30— 
: a 
1lo— 


~—— 4-10 
(0102-0. 


254) 
66-74 
|.667-1.87 


o— 
4-10 
(0.102 -0.254) 


9) 
92CS- 35051 ——~() gs-1 854) —— 92CS- 27743 
CD4011UBH CD4023UBH 
63 


| | | | | | | Dimensions in parentheses are in millimeters and are 


65 — aa 
6o—- derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 
20 
40— 
62-70 
.5— (1575-1778) The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
20— cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
'< | chip, therefore, may differ slightly from the nominal 
nS. dimensions shown. The user should consider a tolerance 
: aS of —3 mils to +16 mils applicable to the nominal 
o— Y dimensions shown. 
‘ 4-i0 
(O0.102-0.254) 
60-68 
(1.524-1.727) 92(S-27742 


CD4012UBH 


89 


CD4013B Types 


CMOS Dual 
‘D’-Type Flip-Flop 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4013B consists of two identical, 
independent data-type flip-flops. Each flip- 
flop has independent data, set, reset, and 
clock inputs and O and O outputs. These de- 
vices can be used for shift register applica- 
tions, and, by connecting Q output to the 
data input, for counter and toggle applica- 
tions. The logic level present at the D input 
is transferred to the Q output during the 
positive-going transition of the clock pulse. 
Setting or resetting is independent of the 
clock and is accomplished by a high level on 
the set or reset line, respectively. 


The CD4013B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


RECOMMENDED OPERATING CONDITIONS 


Features: 

® Set-Reset capability 

® Static flip-flop operation — retains state 
indefinitely with clock level either 
“high” or “low” 

= Medium-speed operation — 16 MHz (typ.) 
clock toggle rate at 10V 

® Standardized symmetrical output 

characteristics 


= 100% tested for quiescent current at 20 V 


® Maximum input current of 1 vA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (over full package 
temperature range): 1 V at Vpp=5 V 
2V at Vpp=10 V 
2.5 V at Vpp=15 V 
= 5-V, 10-V, and 15-V parametric ratings 


= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 
® Registers, counters, control circuits 


AtT,= 25°C, Except as Noted. For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range 
(For Ta = Full Package 
Temperature Range) 


Data Setup Time ts 


Clock Pulse Width tw 


Clock Input Frequency fc, 


Clock Rise or Fall Time 
tC,” teCL 


Set or Reset Pulse Width 
Ww 


*If more than one unit is cascaded in a parallel clocked operation, tCL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage for 


the estimated capacitive load. 
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CD4013B 


FUNCTIONAL DIAGRAM 


ps east aguce 


OUTPUT LOW (SINK) CURRENT (Io) —mA 


rH 


~ "S88 
TASS 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


Fig. 1 — Typical output low (sink) 
current characteristics. 


a HH HH tte 
: Ela sass 
a 
H 
H 


sesscusces i + 


ose peat 


ou —mA 


OUTPUT LOW (SINK) CURRENT (I 


BGSERRERERBA SSS FERS BRHae 
SS eee 
' 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
. 92CS -24319R1 
Fig. 2 — Minimum output low (sink) 
current characteristics. 
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92CS- 24320R35 


Fig. 3 — Typical output high (source) 
current characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 
TERISTIC 


Quiescent 
Device 
Current 
lIDp Max. 

Output Low 
(Sink) 
Current, 
| OL Min. 

Output High 
(Source) 
Current, 
1OH Min. 

Output Volt- 
age: 
Low-Level, 
Voi Max. 


Output Volt- 
age: 
High-Level, 
VOH Min. 

Input Low 


Voltage, 
VIL Max. 


Input High 
Voltage, 
VIH Min. 

Input 
Current, 
lin Max. 


DATA 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55,+25,+125 Apply to D,F,K,H Pkgs. 
Values at —40,+25,+85 Apply to E Pkgs. 


— 
Wl 


‘= 3 = 


I+ 
© 
— 
PROPAGATION DELAY TIME (1 py. .t py )—a8 


TRUTH TABL 


SLAVE SECTIO 


NO 
CHANGE 


- coc - © eo o|x]™ 


LOGIC 0+: LOW 
LOGIC |= HIGH 
4=LEVEL CHANGE 
X= DON'T CARE 
N(N)=FFI/FF2 TERMINAL 
ASSIGNMENTS 


© 1 (13) 
V, 
BUFFERED OUTPUTS ~ 
ze} 
2(12) 
aul INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION Vss 


NETWORK 


92CM -27508R) 


Fig. 7 — Logic diagram and truth table for CD4013B 
fone of two identical flip-flops). 


CD4013B Types 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


-15 ~10 -5 ie) 
sescesecsssas v 
eeeesesesasse 
eeeeteaesas 


OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


soaccscssscecsccsesssscsesccscsccss 


i 

BESET OFSAR) CBIVLICSVLOT ESAT TSSSTGe 

BRSRSSRSSH 6 CHERSRALT SBSRERERDAOD 
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92CS-24321R2 


Fig. 4 — Minimum output high (source) 
current characteristics. 
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PROPAGATION DELAY TIME (oye pen) 98 
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92CS-27533 


: 


Fig. 5 — Typical propagation delay time vs. load 
capacitance (CLOCK or SET to Q. CLOCK 
or RESET to G). 
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Fig. 6 — Typical propagation delay time vs. load 
capacitance (SET to Q or RESET to Q. 
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SUPPLY VOLTAGE (Vpp}— V 92CS - 26392R2 


8 — Typical maximum clock frequency vs. 
supply voltage. 
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CD4013B Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referencedto Vgg Terminal) . 2. 2. 2. 2. 1. 1 eee eee —0.5 to +20 V = 
INPUT VOLTAGE RANGE, ALL!INPUTS.. . . . . . . . . . .) .) . «~6-0.5 to Vpp +0.5 V 4 
DC INPUT CURRENT, ANYONE INPUT . . . . . . . . . ee ee eee) NOMA 's 
POWER DISSIPATION PER PACKAGE (Pp): w 
For Ta = —40 to +60°C (PACKAGE TYPE E) . . . . . . . ee ee ee 500 mw > 
For Ta = +60 to +85°C (PACKAGE TYPE E) . . . . .  Derate Linearly at 12 mW/°C to 200 mW pe 
For Ta = —55 to+100°C (PACKAGE TYPESD,F,K). . . . . . ee eee 500 mw - 
For Ta = +100 to +125°C (PACKAGE TYPESD,F,K). . . Derate Linearly at 12 mW/°C to 200 mw z aL. 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR Ie 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . . 100 mw © 
OPERATING-TEMPERATURE RANGE (Ta): 5 
PACKAGE TYPES D,F,K,H . 6 « os 46 4 4 6 eo we ee ee * «)=6©=BB t04725°C 
PACKAGE TYPEE . 2. 4s © ) tb ee & ee OH we HE EE w os —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) . . - 1 - ee ee ee ee 65 to +150°C 102 Fyre eouenclo wy me 1 
LEAD TEMPERATURE (DURING SOLDERING): ae 
At distance 1/16 + 1/32 inch (1.59 $0.79 mm) from case for 10smax. . . . . . . +265°C Fig. 9— Typical power dissipation 


a u 
DYNAMIC ELECTRICAL CHARACTERISTICS i a 


At T, = 25°C; Input t,, tp = 20ns, Cy = 50pF, Ry = 200k2 TEST CIRCUITS 


TEST 
CONDITIONS 


CHARACTERISTIC 


Propagation Delay Time: 
Clock to OQ or Q Outputs 


‘PHL’ PLH 


Set to Q or Reset toQ toLH 


ns 


100 200 Yoo 
50 100 ns INPUTS OUTPUTS 
40 80 “(ie : 
a0 7 Vie S 
Maximum Clock Input Frequency 9 16 MHz = 
Frequency * foi wTEsT ANY ONE INPUT. 
12 24 Vss ge Dirt AT 
70 140 92CS- 27400R) 
30 60 Fig. 11 — Input voltage. 
20 40 


Set to O or Reset to Q tpHL 10 


Transition Time trot thy 10 


5 150 300 
10 65 130 ns 92CS- 27401RI 
15 45 90 Fig. 10 — Quiescent device current. 


Minimum Clock Pulse Width tw 


90 180 
Minimum Set or Reset Pulse 
. 40 80 
Width tw 00 
25 50 
INPUTS 
20 40 Yoo NOTE 
One MEASURE INPUTS 
Minimum Data Setup Time tc 10 20 ns We SEQUENTIALLY, 
TO BOTH Voo AND Vs5 
7 1 5 CONNECT ALL UNUSED 


INPUTS TO EITHER 


70 Yoo OR Vs 

. . = 

Clock Input Rise or Fall Time 6 Us 

92CS-27402 

“CL, CL 2 

Fig. 12 — Input current. 
Input Capacitance Cyjy Any Input | 8 | 78 | pF 


#Input t,, te = Ons. 
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CD4013B Types 


Qi - Yoo 
Gi Q2 
CLOCK! Q2 
RESETI CLOCK 2 
oy RESET 2 
SETI D2 


Vss SET 2 


TOP VIEW 
92CS-24455R! 


TERMINAL ASSIGNMENT 


92CS-36060 


Fig. 13—Dynamic power dissipation test 
circuit. 


DIMENSIONS AND PAD LAYOUT FOR CD4013BH 


0 


— 4-10 
(0.102- 0.254) 
34 - ae 
The photographs and dimensions of each CMOS chip 
Dimensions in parentheses are in millimeters and are os cilaapigh Chip wen an aa tof ne wales wren ine 
: ee ; . ae wafer is separated into individual chips, the angle of 
derived from the basic inch idle bed as indicated. cleavage may vary with respect to the chip face for 
Grid graduations are in mils (107 ~ inch). different chips. The actual dimensions of the isolated 


chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -—3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4014B, CD4021B Types 


CMOS 8-Stage 
Static Shift Registers 


High-Voltage Types (20-Volt Rating) 
CD4014B: 

Synchronous Parallel or 

Serial Input/Serial Output 
CD4021B: 

Asynchronous Parallel Input or 


Synchronous Serial Input/Serial Output 


The RCA-CD4014B and CD4021B series 
types are 8-stage parallel- or serial-input/ser- 
ial output registers having common CLOCK 
and PARALLEL/SERIAL CONTROL inputs, 
a single SERIAL data input, and individual 
parallel ‘“JAM”’ inputs to each register stage. 
Each register stage is a D-type, master-slave 
flip-flop. In addition to an output from stage 
8, ‘‘Q" outputs are also available from stages 
6 and 7. Parallel as well as serial entry is 
made into the register synchronously with the 
positive clock line transition in the CD4014B. 
In the CD4021B serial entry is synchronous 
with the clock but parallel entry is asyn- 
chronous. In both types, entry is controlled 
by the PARALLEL/SERIAL CONTROL in- 
put. When the PARALLEL/SERIAL CON- 
TROL input is low, data is serially shifted 
into the 8-stage register synchronously with 
the positive transition of the clock line. When 
the PARALLEL/SERIAL CONTROL input 
is high, data is jammed into the 8-stage 
register via the parallel input lines and syn- 
chronous with the positive transition of the 
clock line. In the CD4021B, the CLOCK 
input of the internal stage is ‘‘forced’’ when 
asynchronous parallel entry is made. Register 
expansion using multiple packages is per- 
mitted. 


The CD4014B and CD4021B series types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 


Voo 


2 PI-7 
Q8 3 PI-6 

PI-4 4 PI-5 

PI-3 5 Q7 

PI-2 6 SERIAL IN 

Pl-| 7 CLOCK 

Vss 8 PARALLEL/SERIAL 


CONTROL 
TOP VIEW 92¢5-24456 


TERMINAL DIAGRAM 
CD4014B, CD4021B 


Features: PAR.IN 
= Medium-speed operation ... 12 MHz (typ.) clock 
rate at Vpp—Vssg = 10 V eo se 
@ Fully static operation 
® 8 master-slave flip-flops plus output 


= 100% tested for quiescent current at 20 V 


= Noise margin (full package-temperature 


buffering and control gating 


Maximum input current of 1 uA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 


be 
=) 
° 
a 
Ww 
a 
w 
uw 
ve 
> 
oO 


1VatVpp=5V 

2 Vat Vpp =10 V 
2.5 Vat Vpp = 15 V 
Standardized, symmetrical output characteristics 
5-V, 10-V, and 15-V parametric ratings 
Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


range) = 


CD4014B, CD4021B 
FUNCTIONAL DIAGRAM 


Applications: 


® Parallel input/serial output 
data queueing 


® Parallel to serial data conversion 
® General-purpose register 


RECOMMENDED OPERATING CONDITIONS AT Ta = 25°C, Unless Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 


Vpp 
(V) 


Supply-Voltage Range (T, = Full 
Package-Temperature Range) 
180 
i. 80 ns 
15 50 


3 


LIMITS 
UNITS 


Clock Pulse Width, tw 


Clock Frequency, fet 


= 


H 


N 


Clock Rise and Fall Time, 
trCL, teCL 


.= 


Set-up Time, ts 


Serial Input 
(ref. to CL) 


a) 


Parallel Inputs <1 
CD4014B 10 
(ref. to CL) 1 


Parallel Inputs 
CD4021B 
(ref. to P/S) 
Parallel/Serial Control! 
CD4014B 
(ref. to CL) 


=) 


= 
7) 


-_ — 

no 
DIQPDBOINWAIA ATWIDA|, 
Ss\cocosgioocornocoicoes 

mi eal oak 1 OO 


Parallel/Serial Puise Width, 
ty (CD4021B) 


=) 
7) 


=) 
n n 7) n wn 


Parallel/Serial Removal Time, a 
n 
t 
Rem (CD4021B) Hf i 
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CD4014B, CD4021B Types 


P6 PT PS 
Ow 


P4 P5 
(3) * (14)* (s)* 


TV VY OY 
P P P P P 
@ Dd 6 bd BD 3 I>) xe) BD @ 

eis: Gee Oa a Se Sa = farpsnse Pate] =| 

‘eel 1] eRe Patel 

AS \/ Ay LA |e | 4 Ja fol a | o- 

Px{ 1 fofs] o fa. 

PA 

epee 0 [Ont] 

Ps] oo [x |x] ot font 

ee fe RE er bey | 


x 


X = DON'T CARE CASE 
NC = NO CHANGE 


K 


PARALLEL /SERIAL P 
CONTROL 
08 Ral 


N 


92CM-28673RI 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 


4 NETWORK. 
O 


ss 
Fig. 1 — Logic diagram for CD4014B. 
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TRUTH TABLE — CD4021B 


PARALLEL/SERIAL 
CONTROL 
a6 
BO 
= ro) 
CL D X = DON'T CARE CASE 
Vpo PS 


ALL INPUTS ARE PROTECTED = 
BY COS/MOS PROTECTION eal cali 


Vs NETWORK. 


Fig. 2 — Logic diagram for CD40218B. 
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CD4014B, CD4021B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vos Terminal) .......cccc eee e ese e erence e cee eeeeeeeeesencceees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS bined 46 coeesds cht00s es ds ani sasawebenends -0.5 to Vpp +0.5 V 
OG INPUT CURRENT, ANY ONE INPUT scccavncasacsawedeles dana cs ace isnsntteewanwe seeeee'ees +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = -40 to +60°C (PACKAGE TYPE E) ...... 00s cece eet e eee eee eee tte tenet nen eens 500 mW 

For T, = +60 to +85°C (PACKAGE TYPE E) v<s4 exes av2s vee bees Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES DF Bicsscs dcru dey ececipeawessoasens seers sebiaaa 500 mW 

For T, = +100 to 125°C (PACKAGE TYPES OD, F, A) ccscaxanas Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) «.......0ss0eeesncene 100 mW 
OPERATING-TEMPERATURE RANGE (Tq): 

PACKAGE TYPES DF, KAA dsvewe eos nessesnve in cb aaden eenbendeedngesaseereneeece -55 to +125°C 

eG NC ee i 2 Se ee ee ee er Cre reer ee -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) hinth bigot ah Ch Gend boas ahoaaneen DERE RD RO oe -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 +1/32 inch (1.59+0.79 mm) from case for 10S MAX. ...... ce cece cece eee teens +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply to E Package 


CHARAC- 
TERISTIC 


CONDITIONS 
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2S 
ro) 


| 
o>) 
fe) 
| 
=) . 
py] 
N) | ©O 
| 
=) . 
: wi] 
oO;}pL 
| 
— a ea 
ro) pS | o 


= 
oO 


Output High 


| > N 
ND N fo) on 


| 
E 
| 
es) 
| 
— 


| 
Wy] | N 
Nm | fo>) 
r NO 


(Source) 0,5 9 
Current, 0.10 -1.6| —15 | —1.1} -—0.9 2.0 


IOH Min. 


c= 
a 


| 
a 
N 
| 
N 
[o-e) 
| 
N 
a 
| 
1es) 
oS 


Output Voltage: 
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O oO 
= bee | 2h 
oO;}n] o 


= 
on 


Oo 
on 
== —_ — db NO — 
Ol | -OT t'© | Or} Gr or;or!] om a;ro;n on 
oO 
oO 
oO 


fo) 

a |O |]. 
om rey 
~) 

= fF 
Ke) 

on 

eo) 

Ke) 

on 


Output 
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AMBIENT TEMPERATURE (Ta)= 28°C Tit 
gas 
ees eseasn 


eseneseeeesneessees 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
9205 -24318R3 


Fig. 3 — Typical output low (sink) current 
characteristics. 
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92CS-24319R1 


Fig. 4 — Minimum output low (sink) current 
characteristics. 
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OUTPUT HIGH (SOURCE) CURRENT(I 94)—mA 


92CS-24320R5 


Fig. 5 — Typical output high (source) current 
characteristics. 
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Fig. 6 — Minimum output high (source) current 
characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T,=25°C, Input t,,t¢=20 ns, 
C,=50 pF, Ry =200 K2 


TEST 
CONDITIONS 


LIMITS 


UNITS 
yo | ten 
160 320 
80 160 ns 


TRANSITION TIME (tTHL.tTLH)—ns 


CHARACTERISTIC 


z 


(V) 


Propagation Delay Time, 
'PLH: PHL 


—_ «a= < 

Nino oO 

Oo 

eel fool e 


100 200 


‘tion Ti 
Transition Time, 50 100 e 


tTHL tTLH 


10 


pe 
fo) 
lee) 
fo) 


Maximum Clock Input 


F f 
requency, fo, 85 


NB Ol- = 5 
oOo O;N 
oO 
saa be 
4 
fafa] i 
N 


Minimum Clock Pulse 180 


Width, tw 


ioe) 
oO 
=) 


Clock Rise and Fall Time, 
t-CL, teCL* 


Minimum Set-up Time, t.: 120 
Serial Input 


(ref. to CL) 
Parallel Inputs 
CD4014B 
(ref. to CL) 
Parallel Inputs 
CD4021B 
(ref. to P/S) 
Parallel/Serial Control 
CD4014B 
(ref. to CL) 
Minimum Hold Time, ty: 


Serial In, Parallel In, 
Parallel/Serial Control 


Minimum P/S Pulse Width, 
‘WH 

(CD4021B) 

Minimum P/S Removal Time, 


tREM 
CD40218B (ref. to CL) 


Average Input Capacitance, C, Any Input 


* If more than one unit is cascaded t, CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4014B, CD4021B Type 


0 20 40 60 680 100 
LOAD CAPACITANCE (C)— pF 
92CS-24322 


Fig. 7 — Typical transition time as a function of 
load capacitance. 


° 
8 
g 


40 
CAPACITANCE (CL) —pF 
92CS- 29869 
Fig. 8 — Typical propagation delay time as a 
function of load capacitance. 


POWER DISSIPATION (Pp)—,W 


fe) 
CLOCK INPUT FREQUENCY (fo,)-kHz 


92CS-29871 
Fig. 9 — Typical dynamic power dissipation 
as a function of clock input frequency. 


NOuFun — 
Na 


| 
Ll 


SER. DATA 


(1/4 feu) 92CS-29871 


Fig. 10 — Dynamic power dissipation test circuit. 
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CD4014B, CD4021B Types 


INPUTS 
Vin 
°o 
Vie 


92CS- 2740IRI 
Fig. 11 — Quiescent device 
current test circuit. 


.102-0.254) 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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Fig. 12 — Input voltage test circuit. 


91-99 
(2.312-2.514) 


Yoo 
OUTPUTS vile 
Voo NOTE: 
‘: we(z)> MEASURE INPUTS 
° SEQUENTIALLY, 
- Vss TO BOTH Vpp AND Vgg- 
= CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: Voo OF Vss- 
TEST ANY COMBINATION Vss 
OF INPUTS 
92CS-27402 
92CS-2744iRi 


Fig. 13 — Input current test circuit. 


80- 88 
(2.032- 2.235) 


Dimensions and pad 
layout for CD4014BH 
(CD4021 BH is identical) 


92CM- 29870 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~3 inch). 


CMOS Dual 4-Stage 
Static Shift Register 


With Serial Input/Parallel Output 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4015B consists of two identical, 
independent, 4-stage  serial-input/parallel- 
output registers. Each register has indepen- 
dent CLOCK and RESET inputs as well as 
a single serial DATA input. ‘‘Q” outputs are 
available from each of the four stages on 
both registers. All register stages are D-type, 
master-slave flip-flops. The logic level pre- 
sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive-going clock transition. 
Resetting of all stages is accomplished by a 
high level on the reset line. Register expan- 
sion to 8 stages using one CD4015B package, 
or to more than 8 stages using additional 
CD4015B’s is possible. 


The CD4015B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic package (E suffix), 16-lead ceramic 
flat package (K suffix), and in chip form (H 
suffix). 


* 


Yss 


ALL INPUTS PROTECTED BY COS/MOS INPUT 
PROTECTION NETWORK 


CD4015B Types 


DATA , 


Features: 


CLOCK g 


RESET, 


@ Fully static operation 

® 8 master-slave flip-flops plus input and output buffering 
= 100% tested for quiescent current at 20 V 

#5-V, 10-V, and 15-V parametric ratings 

® Standardized, symmetrical output characteristics 


92CS- 25048 


® Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 

® Noise margin (full package-temperature 
range) = 

1 Vat Vop=5V 
2V at Vpp =10V 


2.5 V at Vpp= 15 V 


®@ Meets all requirements of JEDEC Tentative 


Vss 
CD4015B 
FUNCTIONAL DIAGRAM 


TERMINAL DIAGRAM 


Standard No. 13A, ‘Standard Specifications ee ‘i ba : 
for Description of ‘B’ Series CMOS Devices” Q3A —{3 RESET B 
: : Q2A 4 QiB 
Applications: ola 45 028 
RESETA 6 Q38B 
® Serial-input/parallel-output data queueing DATA A 7 Q4A 
® Serial to parallel data conversion “Ss =e Soere 
® General-purpose register 92C¢S-24457 


94(2)( 10) 
Ln 


Qi (3X5) @2(12)(4) 


/\ 


Q3(11)(3) 
/\ 


TRUTH TABLE 


92CM-29383R2 


x = DON'T CARE CASE 


Fig. 1 — Logic diagram (1 register). 
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CD4015B Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vp) 


(Voltages referenced to Veg Terminal) ; —0.5t0 +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . —0.5 to Vop +0.5V 
OC INPUT CURRENT, ANY ONE INPUT 410 mA 
POWER DISSIPATION PER PACKAGE (P,): 

For Ta = —40 to +60 C (PACKAGE TYPE €) . ee 500 mW 

For Ta, = +60 to +85 C (PACKAGE TYPE E) Derate Linearly at 12 mW/ C to ns dae 

m 


For Tq = -55 to +100°C (PACKAGE TYPES D, F, K) 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T ,): 

PACKAGE TYPES D, F, K, H a 


Derate Linearly at 12 mw/°C to 200 mW 
100 mW 


—55 to +125 °C 
—40 to +85 C 


PACKAGE TYPE E A 
—65 to +150 C 


STORAGE TEMPERATURE RANGE [T,,,) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 t 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. +265 °C 


RECOMMENDED OPERATING CONDITIONS at Tg = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For T, = Full Package- 
Temperature Range) 


Clock Pulse Width, 


Clock Rise and Fall Time, 


‘CL, tL. 


Clock Input Frequency, 


Data Setup Time, 


Reset Pulse Width, 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


AMBIENT TEMPERATURE (Ta)=#25°C 


-15 -10 -5 
AMBIENT TEMPERATURE (Ta)=25°C T1111 11174 
HE 
s 
s 


TRANSITION TIME (ttHL.tTLH)—As 


a 
E 
| 
=x 
°o 

=] 

- 

z 

WwW 

4 

4 
2 

o 

w 

oO 

3 

ca 

— 
=] 
a 
- 
> 
°o 


0.6)~C~«GOS*S~S]SS s 80 see 100 Seeesaese 
92CS-24321R2 LOAD CAPACITANCE (C,_)— pF 


Fig. 5 — Minimum output high (source) current 
characteristics. 


92CS-24322 


Fig. 6 — Typical transition time as a function of 
load capacitance. 


100 


sesccescessesacasas 
SOURCE VOLTAGE (Vgs)#!5 V 


< 
€ 
| 
a 
° 
= 
- 
> 
w 
« 
« 
= 
13) 
x 
z 
wn 
~ 
3 
aA 
- 
= 
a 
3 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92C5-2431BR3 


Fig. 2 — Typical output low (sink) current 
characteristics. 


ou —mA 


OUTPUT LOW (SINK) CURRENT (I 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS -24319R1 


Fig. 3 — Minimum output low (sink) current 
characteristics. 


DRAIN- TO- SOURCE VOLTAGE (Vps)—V 


-15 10 
AMBIENT TEMPERATURE (Ta)=25°C 


OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


92CS-24320R5 
Fig. 4 — Typical output high (source) current 
characteristics. 


LOAD CAPACITANCE (C_)— pF 


Fig. 7 — Typical propagation delay time as a func- 
tion of load capacitance, 


92cs- 29675 


CD4015B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at —55, +25, +125 Apply to D,K,F,H Packages 
CHARACTER- Values at —40,+25,+85 Apply to E Package 


UNITS 


ISTIC 


Quiescent Device 
Current, 
Ipp Max. 


EB s 
Bb 
G 


N 


i) 
ee) 


ze 
ea 


Output Low 
(Sink) Current 
lot Min. 


Output High 
(Source) 
Current, 

10H Min. 


> N 
‘ Ss =) 


Output Voltage: 
Low-Level, 
VOL Max. 


— < 
o 4 = <o 
else lee 


Output Voltage: 
High-Level, 
VOH Nin. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
VIH Min. 


_ sl ds Nh . 
So @| th (op) 


Input Current 
lin Max. 


i+ 

—2 

7 

on 

I+ 

o 

—_ 
zE 

> 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10—3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 

wafer is separated into individual chips, the angle of 

= cleavage may vary with respect to the chip face for 

- different chips. The actual dimensions of the isolated 

Boil chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 


dimensions shown. 
_ (ee. . 254) 
-103 
2 cc. 2.616) 


92CM- 29678 


Photograph of Chip Layout for CD4015B. 


101 


CD4015B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C, /nput 
R, = 200kQ 


tp, tg = 20 ns, C; = 50 pF, 


CHARACTERISTIC 


on 


(=) 


Transition Time; 


io) 


Minimum Data Setup Time, — tsy 


on 


Maximum Clock Input Frequency, fey 


on 


P10 
| os 
aL aoe 
| 5 
a 
a 
[10 
Ps 
_ 
[0 
a 
[10 


Input Capacitance, Cj py Any Input 


RESET OPERATION 


Propagation Delay Time, 


Minimum Reset Pulse Width tywR 


* If more than one unit is cascaded TCL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


Yoo 
INPUTS OUTPUTS 
Vin 
“oo + 
° - 
Vin allt 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-27441Ri 


92Cs- 


27401RI 


Fig. 10 — Quiescent device current test 


circuit. Fig. 11 — Input voltage test circuit. 
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ier ee (Ta )= 25°C 
¢..,¢ 

rv'f 

Ri = tes — 


‘ aan Reale 
105 


SRE , 
TNE YS) 


| tt 


POWER DISSIPATION PER REGISTER (Pp)— pW 


“egines 
4 di 


INPUT CLOCK FREQUENCY (fo )— kHz 


a 
Mae 


2 


92CS- 29676 


Fig. 8 — Typical power dissipation as a function 
of frequency. 


BNOQUhuNn— 


92CS- 29677 


Fig. 9 — Power dissipation test circuit. 


Voo 


INPUTS 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vpp AND Vss: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vgs° 
Vss 


92CS-27402 


Fig. 12 — Input current test circuit. 


CMOS Quad 
Bilateral Switch 


For Transmission or Multiplexing 
of Analog or Digital Signals 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4016B Series types are quad 
bilateral switches intended for the trans- 
mission or multiplexing of analog or digital 
signals. Each of the four independent bi- 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch on or off. 


The CD4016 “B” Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Features: 


® 20-V digital or + 10-V peak-to-peak switching 
w 280-2 typical on-state resistance for 15-V operation 
a Switch on-state resistance matched to within 10 (2 


typ. over 15-V signal-input range 

w High on/off output-voltage ratio: 
65 dB typ. @ f;, = 10 kHz, Ry = 10 k&2 

® High degree of linearity: <0.5% distortion 
typ. @ fj, = 1 kHz, Vis = 5 Vp-p, 
Vpp-—Vss 2 10 V, Ru = 10 kQ2 

= Extremely low off-state switch leakage 
resulting in very low offset current and 
high effective off-state resistance: 


100 pA typ. © Vpp—Vss=18 V, Ta=25°C 


8 Extremely high control input impedance 
(control circuit isolated from signal circuit: 
1012 2 typ. 

8 Low crosstalk between switches: 

—50 dB typ. @ fj, = 0.9 MHz, Ry = 1 kQ2 
8 Matched control-input to signal-output 
capacitance: 
Reduces output signal transients 
® Frequency response, switch on = 40 MHz 
(typ.) 

= 100% tested for quiescent current at 20 V 

ws Maximum control input current of 1 uA 
at 18 V_ over full package temperature 
range; 100 nA at 18 V at 25°C 

w 5-V, 10-V, and 15-V parametric ratings 


Applications: 

® Analog signal switching/multiplexing 
Signal gating ® Modulator 
Squelch control # Demodulator 
Chopper = Commutating switch 


® Digital signal switching/multiplexing 

= CMOS logic implementation 

® Analog-to-digital & digital-to- 
analog conversion 

® Digital control of frequency, impedance , 
phase, and analog-signal gain 


CD4016B Types 


Terminal Assignment 


IN/OUT 


Vv 
siga IN oD SIG A 
OUT CONTROL A OUT/IN 
IN CONTROL DO 
1G 
: Bout IN 
CONTROL B OUT ee 
CONTROL C OuT 
Vss in SIGC 


TOP VIEW 


92CS-24458 


OUT/IN 
SIG C 


IN/OUT 


92CS 2162? 


CD4016B Functional Diagram 
f-—ooursn 


92CS- 27659 


Schematic diagram - 1 of 4 identical sections. 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


Supply Voltage Range (For T, = Full Package 
Temperature Range) 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vog Terminal) -0.5to +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS __. a 0510 Vpp t0.5V 
DC INPUT CURRENT, ANY ONE INPUT (INCLUDING TRANSMISSION GATE) +10 mA 
POWER DISSIPATION PER PACKAGE (Pp) 

For Ta = ~40 to +60 °C (PACKAGE TYPE E) 800 mw 

For Ty, = +60 to +85 C (PACKAGE TYPE E) Derate Linearly at 12 mW/ C to 200 mW 

For Tq = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mw 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/-C to 200 mW 
DEVICE DISSIPATION PER TRANSMISSION GATE 

FOR T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) | 100 mw 
OPERATING-TEMPERATURE RANGE (T ,) 

PACKAGE TYPES D,F,K,H_ | oo | a 55 to +125°C 

PACKAGE TYPEE ... Oo a -40 to +85°C 
STORAGE TEMPERATURE RANGE (Teg) _ 7 65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. +265°C 


SUPPLY VOLTS: Vpp* +15; Vgg #0 
AMBIENT TEMPERATURE (Ta) = 25°C 


SUPPLY VOLTS: Vpp* +10; Veg 20 
AMBIENT TEMPERATURE (Ta )*25°C 


OUTPUT SIGNAL VOLTS (Vog) 


$ 
2 
g 
3 
5 
2 
3 


° 5 7.5 10 12.5 15 
INPUT SIGNAL VOLTS (Vis) INPUT SIGNAL VOLTS (Vic) 
92CS- 27660 . 92CS- 2766! 
Fig. 1— Typ. on-state characteristics for 1 of 4 Fig. 2— Typ. on-state characteristics for 1 of 4 
switches with Vpp =+15 V, Vog=OV. switches with Vpp=+10 V, Voo=OV. 
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CD4016B Types 


ELECTRICAL CHARACTERISTICS 


SUPPLY VOLTS: Vpp = +5; Vg5 "0 
AMBIENT TEMPERATURE (1) = 25°C 

SS eee 

Ce 


LIMITS AT INDICATED 
TEMPERATURE (°C) 


Values at —55, +25, +125 Apply 
to D, F, K, H Packages 


Values at —40, +25, +85 Apply to 
E Package 


Characteristic Test Conditions 


OUTPUT SIGNAL VOLTS (Vos) 


5 
INPUT SIGNAL VOLTS (Vis) 
92CS-27662 
Fig. 3—Typ. on-state characteristics for 1 of 4 
switches with Vpp=t5 V, Vog=OV. 


Quiescent Device 
Current, | DD 


Signal Inputs (Vj,) and Output (V,.) 


is*=VDOD or Vss 
Returned |Vis=4-75 to 5.75 1 
to 


Voo~Yss|Vis=Vpp oF Vsg 
V;5=7.25 to 7.75 V 1080 


R,_=10 kQ2, Ve = Vop 


Y¥o=Vop 
Ry = 10kQ2 


On-State 
Resistance, r 


Max. 


on 


£ 
4 
g 
Z 
& 
” 
5 
Ez 
3 


AOn-State 
Resistance 
Between Any 

2 Switches, Ar,, 


INPUT SIGNAL VOLTS (Vis) 
92CS-27663 


Fig. 4— Typ. on-state characteristics for 1 of 4 
switches with Vpp =+7.5 V, Vegr=7.5 V. 


Vc=Vpp =5V, Vss=—5V, Vis(p-p) 
= 5V (Sine wave centered on OV) 
R,_=10 kQ2, f,,=1 kHz sine wave 
Vc=Vpp=5V. Vec= —5V, 
Vis(p-p) =9 V (Sine wave 
centered onO V) Ry =1kQ, 


Total Harmonic 
Distortion, 
THD 
—3dB Cutoff 
Frequency 
(Switch on) 


2 
£ 
2) 
- 
a 
$ 
2 
2 
S 
n 
— 
> 
a 
= 
> - 
°o 


—50dB Feed- - 
through Sno SS OV, Vis(p-p =5V 
Frequency ine wave centered on 0 V) 


(Switch off) ce 
Input/Output 
Leakage Current 
(Switch off) 

I, Max. 


INPUT SIGNAL VOLTS (Vig) 
92CS - 27664 


Fig. 5— Typ. on-state characteristics for 1 of 4 
Switches with Vop =t5§ V, Veg=—5 V. 


VclA) = Vop = +5V, 
Vc(B) =Vss = —-5V, 
Vis(A) = 5 Vip. 
50 2 source 

Rt =1kQ 


Ri = 200 k22 
Vc = Vpp. Vss= GND, 
cL = dpe 

Vis = Square Wave 


0 to Vpp 
‘tr, tf = 20ns 


—50 dB 
Crosstalk 
Frequency 


SUPPLY VOLTS: Vpp ? + 2.5V, Vgg * -2.5V 
AMBIENT TEMPERATURE (Ta) = 25°C 


3 ee ee ec eeee 
eee 


Propagation 
Delay (Signal 
Input to Signal 
Output) tog 


Capacitance: 


Input, Ci, THAT = _* 
Output Cos Reus a rs ei 92CS- 27665 
Feedthrough Fig. 6— Typ. on-state characteristics for 1 of 4 


Bia switches with Vp pe +2,5 V, Vss =-2.5 V. 
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CD4016B Types 


ELECTRICAL CHARACTERISTICS (cont'd) 


Characteristic 


Control (Vc) 


Control Input 
Low Voltage, 


ViLC (Max.) 


Control Input 
High Voltage, 


VIHC 


Input Current, 
HIN (Max.) 


Crosstalk (Con- 
trol Input to 
Signal Output) 


Turn-On 
Propagation 
Delay 


Maximum 
Control Input 
Repetition Rate 


Input 
Capacitance, 


* Plastic package 


Test Conditions 


Vis = Vss, Vos = Vopb 
and 


Vis = Vpp. Vos = Vss 
See Fig. 10 


V.<V 

¥oo" UE =18V 
Voc = VOD = VSS 
Vc=10 V (Sq. Wave) 
tr, te = 20 ns 

Ri = 10kQ2 


Vis = Vop. Vss = GND, 
Ri = 1 kQ2 to gnd, 

Ci = 50 pF, 

Vc = 10 V(Square 

wave centered on 5 V) 
tr, t¢ = 20 ns, 

Vos =” Vos @ 1 kHz 


Switch Input 


“ Ceramic package 


LIMITS AT INDICATED 
TEMPERATURE (°C) 


Values at —55, +25, +125 Apply to 
D, F, K, H Packages 


Values at —40, +25, +85 Apply to 


7 (Min.) 
11 (Min.) 


UAL 
—1.1 


e, =+Ij,s> CD4016B Vos 
is | OF 4 SWITCHES 


Ton 


Wis-Vorl 


92cs- 30967 


Fig. 10— Determination of ro, as a test condition for control input 


high voltage (Vj;,4¢) specification. 


92CS- 27666 
0.7} V | Fig. 
temp. for 1 of 4 switches with Vp had +5 V, 
Vss =—-—5 V. 


VE 


: 
4 
3 
2 
3 


INPUT SIGNAL VOLTS (Vie) 


7— Typ. on-state characteristics asa function of 


SUPPLY VOLTS: Vpp*+5, Vss*-5 
CONTROL VOLTS (Vc)#-5 

INPUT SIGNAL VOLTS (Vig)*5 Vp-p SINE WAVE (1.77 RMS) 
LOAD CAPACITANCE (CL)*CFIxTURE *CMETER?2.3+2.5*48 pF 
FIXTURE AND METER NULLED 
ClosirixtuRe)* O8PF 

' { ) RF VOLTMETER 
: | BOONTON RADIO 
‘ ae » MODEL 9I-CA 
‘PFT! OR Egui 

N 4 Vos 


OUT 


Vv 


oy 

Cae 

ts + 
' 


Yo Veg ad 


Vis 


OUTPUT SIGNAL RMS MILLIVOLTS (Vos) 
ATTENUATION (db) 


4 2 466 
107! ' 10 


ENCY (fig) kHz 
INPUT SIGNAL FREQU is Seda 


Fig. 8 — Typ. feedthru vs. frequency — switch 
off. 


SUPPLY VOLTS: Vpp*+5; Vsg*-5 
INPUT SIGNAL VOLTS (Vig)= 5 Vp-p SINE WAVE (1.77 RMS) 
FIXTURE ANO METER NULLEO OUT 
CT ae a 
Ve=Voo 
5% vig A) N 2. 


eariize 


VneVee RF. VOLTMETER 
C*¥SS BOONTON RADIO 
MODEL 91-CA 


(db) 


ATTENUATION 


8 
> 
~ 
n” 
g 
= 
2 
2 
” 
2 
« 
a 
< 
z 
2 
” 
- 
> 
a 
3 


INPUT SIGNAL FREQUENCY (f,,)— kHz 
92CS -16080 


Fig. 9— Typical crosstalk between switch 
circuits in the same package. 


SUPPLY VOLTS: Voo"+5, Vss"—5 
INPUT SIGNAL VOLTS (Vis)* 5 Vp-p 


R F. VOLTMETER 


SINE WAVE (1.77 RMS) 
CONTROL VOLTS (Vc)*+5 
# LOAD CAPACITANCE = (Crix +Cye TER) 
2.342.546 pF 


| 


VOLTS (Vos) 


OUTPUT SIGNAL RMS 


1 
INPUT SIGNAL FREQUENCY (f),) MHz 


92CS-16070 


Fig. 11 — Typical frequency response 
— switch on. 
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CD4016B Types 


TYPICAL ON-STATE RESISTANCE CHARACTERISTICS, T, = 25°C 


CHARAC.- 


Vop 
(Vv) 


SUPPLY 
TERISTIC*| CONDITIONS 


LOAD 
CONDITIONS 


Ry = 1k&2 Ry = 10k22 Ry, = 100k22 


Vss_ |VALUE] V,, V; 
(Vv) | (9) | (Vv) (V 


on 


w 
io) 
io) 


NTN 
O}] © 
JE 
+> 
oO 


on 
i=) 
o) 


NR 
fo) 
fo) 


NR 
o2) 
oO 


No} mh 
oO] oO 
oO] © 
+! i+t | 
oO| ~ 
OV polo 
oO 


Ww 
— 
oO 


= 

zs 

Za 860 

po ft 
~75 


\+ 


—2.5 
5 
+0.2 
* Variation from aperfect switch, fan SOS 


SCALE: X=0.2ms/DIV Y =2.0 V/DIV 
VOD = Vc = +7.5V, Vss = -7.5V, RL = 10K2 
CL = 15 pF 

fig = 1KHz Vis=5Vpp 

DISTORTION = 0.2% 


92CS-27612 


Fig.14 — Typical sine wave response of Vpp = 


47.5 V, Vgg==—7,5 V. 


SCALE: X= 100ns/DIV 
Y=50V/DIV 


92CS-27615 


Fig.17 — Typical square wave response at 
Vpop = Vc = t15 V, Vsg = Gnd. 
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SCALE: X=0.2ms/DIV Y = 2.0 V/DIV 
Vop = Vc= +5 V. Vss= 5 V, RL = 10K2 
CL = 15 pF 

fig =1KHz ViS=5Vpp 

DISTORTION = 0.4 % 


92CS-27613 


Fig.15 — Typical sine wave response of Vpp = 
44 V, Vee *=3 V- 


SCALE X= 100ns DIV 
Y=50V DIV 


92CS-27616 


Fig.18 — Typical square wave response at Vpp= 
Vo = +10 V, Vsg = Gnd. 


ALL UNUSED TERMINALS 
ARE CONNECTED TO Vsg 


92CS - 27667 


Fig. 12 — Off-state switch input or output 
leakage current test circuit. 


ALL UNUSED TERMINALS ARE 
CONNECTED TO Vsg 
92CS- 27668 
Fig.13 — Test circuit for square-wave 
response. 


SCALE: X=0.2ms/DIV Y=2.0 V/DIV 
Vop = Vc = +2.5V, Vss = -2.5V, RL = 10K22 
CL = 15 pF 

fig = 1KHz Vigs=5Vpp 

DISTORTION= 3 % 


92CS- 27614 


Fig.16 — Typical sine wave response of Vpp = 
+2.5 V, Vss = -2.5 V. 


SCALE: X= 100ns/DIV 
Y=2V/DIV 


92CS-27617 


Fig.19 — Typical square wave response at Vpp 
=Vco=t5 V, Vss = Gnd. 


+10V 
me an. e 


tp=t¢ge20ns 


VisO 


ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 


92CS-27669 


Vc Vpp = +10 V 


Vos WITH TEST UNIT 

(1 SWITCH OFPCD4016A nme 
PLUGGED IN TEST 
FIXTURE) 


Vos FIXTURE ALONE ra 


(NO UNIT TERM 
5 TO 3 OF SOCKET) 


Vc - 10V PER DIV 
Vos - 0 2V PER Div 
t 100ns PER DIV 


(b) 


Fig.20 — Crosstalk-control input to signal output. 


(a) 
Ve 
t, = t¢220ns 
Voo Vo 
fe) Yoo 


t, t= 2Ons 


Vis Yoo 


ALL UNUSED TERMINALS ARE 
CONNECTED TO Vsg 


Fig. 22 — Max. control-input repetition rate. 


Yoo Vo Vop 


ce) 
CD4016B 


tp ,t¢220ns 


ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 


10% 
Vos 
4 "PZL = 
V 
nis 10% 


REP 
RATE 
Ve 


(13) 


CD4016B 


Vis *VOD 


92CS- 27672 


SWITCH THRESHOLD VOLTAGE IS DEFINED 
AS THE VOLTAGE APPLIED TO A TRANS- 
MISSION GATE CONTROL WHICH CAUSES 
10 4A OF TRANSMISSION GATE CURRENT. 


92CS- 2767!IRI 


Fig.23 — Switch threshold voltage. 
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Voo 


+10V Vv 
eo 


tr, t¢=20ns 


ALL UNUSED TERMINALS 
ARE CONNECTED TO Vsg 


92CS-27670RI 


Fig.21 — Propagation delay time signal input 
(Vig) to signal output (Vos). 


MEASURED ON BOONTON CAPACITANCE 
BRIDGE MODEL 75A (1 MHz) 


c 
Vss*-5V Cle wi Cas 
Vpo"+5V 


ALL UNUSED TERMINALS 


ARE CONNECTED TO Vss 92CS-27622 


Fig.24 — Capacitance CjQg5 and Cos. 


Dimensions and pad layout for CD4016BH 


Ri toVss 
Vis t© Vo 


Ri to Vop 
Vis 10 Vss 


92CM-28308 


53~61 
(1.347-1.549) 


Fig.25 — Turn-On propagation delay-control input. 


4-10 
(0.102-0.254) 
43=-9F 
(1.245-1.447) 

92CS- 35063 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (1 0-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4017B, CD4022B Types 
CMOS Counter/Dividers 


High-Voltage Types (20-Volt Rating) 
CD4017B—Decade Counter with 

10 Decoded Outputs 
CD4022B—Octal Counter with 

8 Decoded Outputs 


The RCA-CD4017B and CD4022B are 5- 
stage and 4-stage Johnson counters having 
10 and 8 decoded outputs, respectively. 
Inputs include a CLOCK, a RESET, and a 
CLOCK INHIBIT signal. Schmitt trigger 
action in the CLOCK input circuit provides 
pulse shaping that allows unlimited clock 
input pulse rise and fall times. 


These counters are advanced one count at 
the positive clock signal transition if the 
CLOCK INHIBIT signal is low. Counter 
advancement via the clock line is inhibited 
when the CLOCK INHIBIT signal is high. 
A high RESET signal clears the counter to 
its zero count. Use of the Johnson counter 
configuration permits high-speed operation, 
2-input decode-gating and spike-free de- 
coded outputs. Anti-lock gating is provided, 
thus assuring proper counting sequence. The 
decoded outputs are normally low and go 
high only at their respective decoded time 
slot. Each decoded output remains high for 
one full clock cycle. A CARRY-OUT signa! 
completes one cycle every 10 clock input 
cycles in the CD4017B or every 8 clock 
input cycles in the CD4022B and is used to 


RECOMMENDED OPERATING CONDITIONS 


Features: 
® Fully static operation 
= Medium-speed operation . 
10 MHz (typ.) at Vpp = 10 V 
® Standardized, symmetrical output 


characteristics 
® 100% tested for quiescent current at 20 V 


@ 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 


Standard No. 13A, ‘’Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


Applications: 

™ Decade counter/decimal decode display 
(CD4017B) 

Binary counter/decoder 

Frequency division 

Counter control/timers 

Divide-by-N counting 

For further application information, 

see ICAN-6166 “COS/MOS MSI 

Counter and Register Design and 
Applications” 

ripple-clock the succeeding device in a multi- 
device counting chain. 

The CD4017B and CD4022B-series types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic package (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 


For maximum reliability, nominal operating conditions should be selected so that operation 


is always within the following ranges: 


CHARACTERISTICS Vp LIMITS 
(WP | ain. [Max 
Supply-Voltage Range (For T, = Full Package- 
Temperature Range) 


Clock Input Frequency, fo, 


Clock Pulse Width, tw 


Clock Rise & Fall Time, tet CL 


Clock Inhibit Setup Time, t, 


Reset Pulse Width, trw 


Reset Removal Time, trem 


nos 
SS8s w 
roa 
< = 
= 
” 


UNLIMITED” 


100 


n 


_— 
non ~—o 
_— 
—_ 
io) 
pepe oe 
nn nm 


*Only if Pin 14 is used as the clock input. If Pin 13 is used as the clock input and Pin 14 is tied high (for advancing 
count on negative transition of the clock), rise and fall time should be < 15 ws. 
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CD4017B 
Functional Diagram 


CLOCK 


CLOCK 
INHIBIT 
15 


RESET 
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DECODED OUT, 


CD4022B 
Functional Diagram 


Yoo 


5 1®@ 16 
1 2 RESET 
o) 3 CLOCK 
2 4 CLOCK INHIBIT 
6 5 CARRY OUT 
7 6 9 
3 7 4 
Vss 8 8 
92CS-24459R1 
TOP VIEW 
CD4017B 
TERMINAL DIAGRAM 
\e Yoo 
e) 2 RESET 
2 3 CLOCK 
5 4 CLOCK INHIBIT 
6 5 CARRY OUT 
NC 6 4 
3 7 7 
Vss 8 NC 
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TOP VIEW 
NC = no connection 


CD4022B 
TERMINAL DIAGRAM 
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Fig. 2 — Timing diagram for CD4017B. 
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Fig. 3 — Logic diagram for CD4022B. 
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CD4017B, CD4022B Types 


SOS f GFlSlA SESII SPOT SSSSCSIRSTSeBSS 
ae GGeGee Seeneeseeseegce 
+++ aa t+ 


— (HOT) LN3YYND (3DNOS) HOIH 1NdLNO 
“ ww —(HOT)LN3eYND (3DYNOS) HOIH 1NdLNO 
' Q 


92CS-24316R5 


Fig. 5— Typical output low (sink) current 
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Fig. 6— Minimum output low (sink) current 
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Fig. 7— Typical output high (source) current 
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Fig. 8— Minimum output high (source) current 
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LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H, Packages 
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DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ty = 25°C, Input ty, te = 20 ns, Cy = 50 pF, Ry = 200 kQ 


CHARACTERISTIC CONDITIONS 
Vpop (V) 


CLOCKED OPERATION 


LIMITS UNITS 


| min] Typ] Max 
325 | 650 
135 
85 | 170 
300 | 600 
125 | 250 
80 | 160 
100 | 200 
50 | 100 
40 | 80 
2.5 5 
5 | 10 
oes ee 
100 |200 
45 | 90 
30 | 60 


UNLIMITED 


Propagation Delay Time, tpy,. tp y 
Decode Out 


ns 


Carry Out 


Transition Time, tty. tTLH 
Carry Out or Decode Out Line 


S 


NO 
~w 
j=) 


S 


Maximum Clock Input Frequency, foL* MHz 


Minimum Clock Pulse Width, tw 


Clock Rise or Fall Time, tCL, GCL 


Minimum Clock Inhibit 
to Clock Setup Time, ty 


Input Capacitance, Cj)\ 


RESET OPERATION 


° 
2/ pa 


230 
100 


a 


Any Input 


oak aes aaah ceaads —= = ek ee at ot 
~ 
pal 


Propagation Delay Time, tpHL. tPLH : 
Carry Out or Decode Out Lines 15 


Minimum Reset Pulse Width, ty 


Minimum Reset Removal Time 


* Measured with respect to carry output line. 


CLOCK 


CLOCK 
INHIBIT 


DECODE !-9 
OUTPUT 


DECODE “o" OR 
CARRY 
OUTPUT 


DELAYS MEASURED BETWEEN 50 % LEVELS ON ALL WAVEFORMS 


Fig. 9— Propagation delay, setup, and 
hold time waveforms. 
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92C5 24322 


TRANSITION TIME (tTHL.tTLH)— 9s 


Loa et eeeiy (CL )— mee 


Fig. 10 — Typical transition time as a function 
of load capaci tance. 
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LOAD CAPACITANCE (CL) — PF gocg. 30945 


Fig. 11 — Typical propagation delay time as a 
function of load capacitance (clock 
to decode output). 
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Fig. 12 — Typical propagation delay time as a 
function of load capacitance (clock 
to carry-out). 


10%} AMBIENT TEMPERATURE 
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INPUT CLOCK FREQ A ae 


POWER DISSIPATION (P 


92CS- 30947 


Fig. 13 — Typical dyanamic power dissipation as a 
function of clock input frequency. 
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CD4017B, CD4022B Types 


92CS 2740IRI 


Fig. 14 — Quiescent-device- 
current test circuit. 


Qn asrun — 


92CS- 30950 


Fig. 17 — Dynamic power dissipation test circuit. 
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92CS-35064 


INPUTS 


NOTE 


MEASURE INPUTS 
SEQUENTIALLY, 


TO BOTH Vpp AND Vss: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vsg 


92CS-27402 


Fig. 15 — input-leakage current. 


Cour 
CD4017B FOR N26 
OR f=CLOCK = N 
C040228 


lel Ms 
N DECODED 0 DECODED 
TPUT TPUT 
ieee | ae FOR N#2 TOIO 
f=CLOCK = N 


92CS-30949 


Fig. 18 — Divide by N counter (N S10) with N 


decoded outputs. 


ALTERNATE COUT 


(2.210-2.413) 


Yoo 


INPUTS OuTPUTS 


oe “e9 
Vin - 


NOTE. 
Vss TEST ANY 
COMBINATION 
OF INPUTS 


92CS-27441RI 


Fig. 16 — Input-voltage test circuit. 


When the Nth decoded Output is reached 
(Nth clock pulse) the S-R flip flop (con- 
structed from two NOR gates of the 
CD4001B) generates a reset pulse which 
clears the CD4017B or CD4022B to its zero 
count. At this time, if the Nth decoded out- 
put is greater than or equal to 6 in the CD- 
4017B or 5 in the CD4022B, the Coyrt line 
goes high to clock the next CD40178 or CD- 
4022B counter section. The ‘’0’’ decoded 
output also goes high at this time. Coinci- 
dence of the clock low and decoded ‘’0”’ 
output low resets the S-R flip flop to enable 
the CD4017B or CD4022B. If the Nth de- 
coded output is less than 6 (CD4017B) or 5 
(CD4022B), the Coyt line will not go high 
and, therefore, cannot be used. In this case 
“O"’ decoded output may be used to perform 
the clocking function for the next counter. 


+. 4-10 
(0.102-0.254) 


87-95 


92CM-35062 


CD4022BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10—3 inch). 
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The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CMOS Presettable 
Divide-By-‘N’ Counter 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4018B types consist of 5 
Johnson-Counter stages, buffered Q outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10, 8, 6, 4, or 2 counter 
configurations can be implemented by 
feeding the O5, Q4, Q3, Q2, Q1 signals, 


CD4018B Types 


Features: 
= Medium speed operation. . 10 MHz (typ.) at 
Vpp — Vsg= 10 V 


® Fully static operation 

® 100% tested for quiescent current at 20 V 

® Standardized, symmetrical output characteristics ENABLE 2 

= 5-V, 10-V, and 15-V parametric ratings 

® Maximum input current of 1 vA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 

® Noise margin (full package-temperature 


CLOCK 


DATA 


BUFFERED OUT. 


range) = 1VatVpp= 5V a 
2 Vat Vpp = 10 V 
2.5 V at Vpp = 15 V 


= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


92cS- 25074 vss 


FUNCTIONAL DIAGRAM 


respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura- 
tions can be implemented by the use of a 
CD4011B to gate the feedback connection 
to the DATA input. Divide-by functions 
greater than 10 can be achieved by use of 
multiple CD4018B units. The counter is 
advanced one count at the positive clock- 
signal transition. Schmitt Trigger action on 
the clock line permits unlimited clock rise 
and fall times. A high RESET signal clears 


TERMINAL DIAGRAM 
Top View 


: Vv 

the counter to an all-zero condition. A high ee Ag a 
PRESET-ENABLE signal allows information ‘aa 3 ects 
on the JAM inputs to preset the counter. 2 4 05 

; aoe on 5 JAM 5 
Anti-lock gating is provided to assure the 53 : ae 
proper counting sequence. JAM 3 4 PRESET ENABLE 

Vss 8 JAM 4 

The CD4018B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 92CS-24460 


and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
| (Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ty, = —40 to +60 C (PACKAGE TYPE E} 3 
For Ta = +60 to +85°C (PACKAGE TYPE E) . 
For Tq = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D,F,K) . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Tp 
OPERATING-TEMPERATURE RANGE {T a): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE (T, 
LEAD TEMPERATURE (DURING Eee ds, 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


= FULL PACKAGE-TEMPERATURE RANGE (AII Package Types) 


Applications: 


® Fixed and programmable divide-by-10, 9, 8, 
7,6, 5, 4, 3, 2 counters 

® Fixed and programmable counters greater 
than 10 

=@ Programmable decade counters 

® Divide-by-"’N”’ counters/frequency 
synthesizers 

® Frequency division 

® Counter control/timers 


—0.5 to +20 V 
—0.5 to Vop +05 V 
: +10 mA 


500 mW 


Borate: Dinieatiow at 12 mWw/> C to 200 mW 


500 mw 


— ‘Cleary at 12 mw/° C to 200 mW 


100 mW 

fe} 
—55 to +125 C 
—40 to +85°C 
—65 to +150 C 


+265°C 
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CD4018B Types 


RECOMMENDED OPERATING CONDITIONS at Tp = 25°C, Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be selected so that operation 


UNITS 
M 
mM 


V 
S 
ns 
ns 


is always within the following ranges. 


ps |e 
3 
Clock Input Frequency, 7 
8.5 
160 
Clock Pulse Width, 70 
50 


Clock Rise & Fall Time, 
Data Input Set-Up Time, ne 
6 Ei 


Data Input Hold Time, 


40 
12 
16 
140 
80 

0 
160 
Preset or Reset Pulse Width, 70 
50 

80 

Preset or Reset Removal Time 30 
20 


RESET 
*@1>0 


PRESET 


ENABLE 


«© - 


R()* FR (i2)* 
J4 J5 
DATA 
*(C1) Oo a b2 7 D3 1 04 Q4 D5 Qs 
c. @i cL a cL. Q3 cL 04 cu 0 
Woune . PE PE 
* (14) O ’ 
y Y¥ Y yY y 
()a1 (4)e2 (6)e3 (es 1) 


Fig. 1 — Logic diagram. 


ALL INPUTS PROTECTED 
BY COS/MOS INPUT 
PROTECTION NETWORK 


92CmM- 28752 


Fig. 2 — Detail of a typical stage. 
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CD4018B Types 


AMBIENT TEMPERATURE (Ta)= 25°C 


STATIC ELECTRICAL CHARACTERISTICS 
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Fig. 3 — Typical output low (sink) current 
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Fig. 4 — Minimum output low (sink) current 


characteristics. 
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Fig. 5 — Typical output high (source) current 


characteristics. 
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CD4018B Types 


DYNAMIC ELECTRICAL CHARATERISTICS at T, = 25°C, Input t,,t¢ = 20 ns, 
Cy = 50 pF, Ry = 200 kQ 


CHARACTERISTIC 


CLOCKED OPERATION 


Propagation Delay Time; 
'PLH: TPHL 


PROPAGATION DELAY (tpi, .t pp y)—ans 


Transition Time; 
‘THL:'TLH 


Maximum Clock Input 


Frequency, fei 


Minimum Clock Pulse Width, 
tw 


Clock Rise & Fall Time; 
t-CL,tsCL 


Minimum Data Input Set-Up 
Time. ts 


Minimum Data Input Hold 
tH 


Time, 


a" 
oO 


Average Input Capacitance, C; | Any Input 


PRESET* OR RESET OPERATION 


* At PRESET ENABLE or JAM Inputs. 


Propagation Delay Time; 
Preset or Reset to O 


'PLH: TPHL 


Minimum Preset or Reset 
Pulse Width, 


tw 


Minimum Preset or Reset 
Removal Time 


Yoo 


Yoo 
INPUTS ouTPuTS Po 
Vin , Yoo NOTE: 
Soe NG) MEASURE INPUTS 
Wii. < ° SEQUENTIALLY, 
= Vss TO BOTH Vpp AND Vss: 
CONNECT ALL UNUSED 
NOTE: eeu rs 0 EITHER 
Vss TEST ANY COMBINATION D0 OR Vss- 
OF INPUTS Vss 
92CS-2744IR) 92CS-27402 


Fig. 12 — Input voltage test circuit. Fig. 13 — Input current test circuit. 
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AMBIENT TEMPERATURE (Ta)=25°C HEH HH 


SSaSSCSSESSSsSSSSSCSzStISUtttE! See ceees 

HATH 

EEE TEETH suPPLY VOLTAGE (Voo sede site 
I Tt 

sapee ert tt rH 


sages errr Eh 
SEE 
a a : 
SSESSS0S0 3250330800995 iH 
HE FEE sit 
sits seyatatsataeversesesesscses Hh 
SeadbafesseoassanseatauiHtaiieiita ci 
eEneeea HTT seutaees wf ete at seezuee 

PEELE EERE PEE EE 
: SSH Efdadae ud Haat sete tteztzzz 
° 20 40 60 80 

LOAD CAPACITANCE (C\)-pF — gacs-29849 


Fig. 9 — Typical propagation delay time as a 


function of load capacitance 
(RESET to Q). 


AMBIENT TEMPERATUR 


E (Ta) 25°C 


C. = 50 pF 
: | ——— CL = 15 pF 


CLOCK FREQUENCY (foL)-kHz  g2c5-29852 
Fig. 10 — Typical dynamic power dissipation 
as a function of clock input 
frequency. 


92CS- 2740iRI 


Vss 
Fig. 11 — Quiescent device 
current test circuit. 


NOuUdsUN— 
a 


92CS-2985! 


Fig. 14 — Dynamic power dissipation test circuit. 
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(“DATA’™’ INPUT TIED TO Q< FOR DECADE COUNTER CONFIGURATION) 


CLOCK 
RESET 
PRESET 
Jom) 
Jam? 
Jam3 
Jomq 


Jams 


i+ § f Y * 4 
: | 
1 \ ( 


DON'T CARE UNTIL ‘PRESET’ GOES HIGH 
| | | | 
| | | | | | | | 
Pr hp ee rr 
Pt} = ai. 7 


| 


HH 
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| 
| 
| | 


| | 
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Fig. 15 — Timing diagram. 
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85-93 
(2.159- 2.362) 


4-10 
(0.102- 0.254) 


77-85 nae 92CM- 29853 
(1.956- 2.159) 


Dimensions and pad layout for CD4018B, 


Dimensions in parentheses are in millimeters and 

are derived from the basic inch dimensions as in- 

dicated. Grid graduations are in mils (10-3 inch). 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CD4018B Types 


EXTERNAL CONNECTIONS FOR DIVIDE 
BY 10, 9, 8, 7, 6, 5, 4,3 OPERATION 


DIVIDE BY 10 as 

DIVIDE BY 8 Q4 ee NO EXTERNAL 
K COMPONENTS 

DIVIDE BY 4 Ge 

DIVIDE BY 2 Q; 

DIVIDE BY 9 

_ 1/2 cO40liB_ _ 
Q, 1 4 
i : CONNECTED BACK TO "DATA" 

\ (SKIPS "ALL-1's" STATE) 

Qs y | 

1 staccato ese oe eee J 

DIVIDE BY 7 
1/2 CO4011B 
Sore ee q 
a | 

! CONNECTED BACK TO “DATA" 
- | (SKIPS "ALL- I's" STATE) 
Q4 |! \ 

oS Seer ee | 
DIVIDE BY 5 

__ 172 co4oile 
Qo | ' 

CONNECTED BACK TO “DATA” 
= (SKIPS “ALL- I's" STATE) 
Q3 ' | 

Se ee ee ee ce A 
DIVIDE BY 3 

__ v2 CO40118  _ 
Q, | ! 
— ' CONNECTED BACK TO "DATA" 
7 1 (SKIPS "ALL-I's" STATE) 
Qo ! \ 
Hic ps at ea ting Se ca =| 


92CS-1707IR3 


Fig. 16 — External connections for divide by 10, 9, 
8, 7, 5, 4, 3, 2 operation. 


CL 


CL=7 


92CS-35270 


Fig. 17 — Example of divide by 7. 
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CD4019B Types 


CMOS Quad 
AND/OR Select Gate 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4019B types consist of four 
AND/OR select gate configurations, each 
consisting of two 2-input AND gates driving 


a single 2-input OR gate. Selection is ac- 


complished by control bits Kg and Kp. In 
addition to selection of either channel A or 
channel B information, the control bits can 
be applied simultaneously to accomplish 
the logical A + B function. 


The CD4019B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgs Terminal) ............ 
INPUT VOLTAGE RANGE, ALL INPUTS ............ 
DC INPUT CURRENT, ANY ONE INPUT ............ 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = -40 to +60°C (PACKAGE TYPE E) ........ 
For T, = +60 to +85°C (PACKAGE TYPE E) ........ 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............-.0+.000- 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D, PKG cisccssesexseetwasees 


Misikebiiimeebeceduassdewkslegt<een -§5 to +125°C 


Features: 


= Medium-speed operation... .. 
--». tppy =tppp = 60 ns (typ.) at C, =50 pF, Vpp = 10 V 
® Standardized, symmetrical output characteristics 
= 100% tested for quiescent current at 20 V 
#5-V, 10-V, and 15-V parametric ratings 
® Meets all requirements of JEDEC Tentative Standard 
No. 13A, “Standard Specifications for Description of ‘B’ 
Series CMOS Devices”’ 
® Maximum input current of 1 vA at 18 V 


over full package-temperature range; 100 
nA at 18 V and 25°C 


® Noise margin (full package-temperature 


92CS-25036 


range)= 1VatVpp=5V CD4019B 
2 Vat Vpp = 10 V FUNCTIONAL DIAGRAM 
2.5 V at Vpp = 15 V 
Applications: 
@ AND-OR select gating 
@ Shift-right/shift-left registers 
@ True/complement selection 
@ AND/OR/Exclusive-OR selection 
eee eT ee eT CT eT TT Tre rr ree -0.5 to +20 V 
cae eeinted an saceee eet aaneusesaueers -0.5 to Vpp +0.5 V 
Pe ee er ee eee ee ee +10 mA 
Pie teked neeaee bd bneg ehesdsedesawerseeaws 500 mW 
a Grae aie avon Derate Linearly at 12 mW/°C to 200 mW TERMINAL DIAGRAM 
SGRRSCESE DEAT DEASORRE RO EUR GR ERE SAS EYEE a 500 mW 


Top View 


04 =A4 Ka+ B4 Kb 
03#A3 Ka+83 Kb 


@Oannveoeun 


PRCA CIPS. ssnecasexrencedcaanvs dnecd xaulnebatabensccketsesareds hesaees vekeaouse -40 to +85°C pack esinake 
STORAGE TEMPERATURE RANGE US 0) ee eee ree -65 to +150°C DIZAlKa4BI Kb 
LEAD TEMPERATURE (DURING SOLDERING): Ka 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ......... 0. cece eee eee eee +265°C 92CS-2446) 


TRUTH TABLE 


S 
% INPUTS PROTECTED 


BY CMOS PROTECTION 
NETWORK * Bl @ 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range 
(For Ta = Full Package 
Temperature Range) 


92CS- 35272 


Fig. 1—Logic diagram. 
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CD4019B Types 
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LOAD CAPACITANCE (C, )— pF 
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+85 Apply to E Package 
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60 
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+125 Apply toD 


+25 


AMBIENT TEMPERATURE (Ta)#25°C Ht 
40 


LIMITS AT INDICATED TEMPERATURES ( 
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Values at —40, 
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CONDITIONS 
Le 
HEE 
A 
Fig. 5 — Minimum output high (source) current 


SOURCE VOLTAGE (Vps)—V 
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Low-Level 


STATIC ELECTRICAL CHARACTERISTICS 
VOL Max. 
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Fig. 7 — Propagation delay time as a function 
of load capacitance. 


Fig. 6 — Typical transition time as a function of 
load capacitance. 


92CS-24321R2 


characteristics. 


CD4019B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, Input ty, ts =20ns,C; =50 pF, 
Ri = 200 kQQ 


to) 
@> nm 


TEST 
CHARACTERISTIC CONDITIONS 


° 
ny 2 @0,4% » 2a 


5 
ny 2 ao 


= 
a 
a 
f=) 
a 
ra 
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= 
a 
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ra) 
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wi 
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° 
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Propagation Delay Time; 


tPLH- tPHL 


Transition Time; = 


2 4686 
{ 10 102 10 
INPUT FREQUENCY (f jy) — kHz 
92CS-298864 


tTHL: 'TLH Fig. 8 — Typical dynamic power dissipation 


as a function of input frequency. 


Input Capacitance, Cy, 


500 uF 
ee | “s ‘= 
1 Vv 
ee : =) BP INPUTS OUTPUTS INPUTS 
—| 3 14 Yoo NOTE: 
> | 
= — Wy + One MEASURE INPUTS 
— s 12 ‘ 7 © SEQUENTIALLY, 
ame be Vss TO BOTH Vop AND Vgs- 
7 - CONNECT ALL UNUSED 
8 INPUTS TO EITHER 
NOTE: Voo OR Vss- 
Vss TEST ANY COMBINATION Vee 
92CS- 29885 OF INPUTS 
92CS-27441RI BECEO STHCE 
92CS-27401R1 
Fig. 9 — Dynamic power dissipation Fig. 10 — Quiescent device Fig. 11 — Input voltage test circuit. Fig. 12 — Input current test circuit. 
test circuit. current test circuit. 
TYPICAL APPLICATIONS 
“B" REGISTER “A” REGISTER 
\gaecesapaan ones ge ate eae at ieee 7 SHIFT SHIFT 
| ' 
1 14 ah | RIGHT LEFT INPUT 
' fF 2] 4 Ki KK y & ! INPUT 
' 
| | : | 
! 1 al OF ' — '¢p40138 or Eauiv.' |! cp4013B OR EQuIV. (Ke) (Ky) 
(CD4013B/0R EQUIVI; (CO4013B,0R EQUIV ae Lae eee ie ‘ae 
LEFT RIGHT 
— SELECT SELECT 
(Kg) 2 2 Gk SEES) 6 ee Fee 0 ee ee SELECT 
SELECT ears Le is Seam eas oe “B" REGISTER 
en OO OO OU UO. ae 
: CLOCK 
| 
SHIFT 
RIGHT 
| Ck 
OULU U UF . sad 
| 
CD40198 LEFT 
ciaahed: Meieean ed Maan Siemans es OUTPUT 
OuT OUT ouT out 
: ; ‘ 92CS- 29686 92CS- 29887 
Fig. 13 — AND/OR select gating. Fig. 14 — “Shift leftAhift right” register. 
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CD4019B Types 


TYPICAL APPLICATIONS (CONT'D) 


CD40018 CD40018 


' 

\! 

\! 

i! 

1 40018 
OR EQUIV. ! ; OR EQUIV. 

\! 

) 1 

il 


| 
| 
| 
| 
OR EQUIV. 
| 
| 


is 


x (o] 


TRUTH TABLE 


0 
AB 
A@B 

“AtB 


(Kg) 
TRUE 
SELECT 


92CS-29889 


2 5 4 92CS-29888 


Fig. 16 — “True complement” selector. 
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54 - 62 
(L372°1.575) 
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Dimensions and pad layout for CD4019BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10— 3 inch). 


(1,702-1.905) 


92CS-36092 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


(Kp) 
COMPLEMENT 
SELECT 
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CD4020B, CD4024B, CD4040B Types 
CMOS Ripple-Carry Features: 


® Medium-speed operation 


Binary Counter/Dividers | = Futy static operation 


; ; ®@ Buffered inputs and outputs grass e 
High-Voltage Types (20-Volt Rating) = 100% tested for quiescent current at 20 V - 5 
CD4020B — 14 Stage . iT. output characteristics a ° 
CD4024B— 7 Stage a Connnnvesn COUNTER te 
CD4040B — 12 Stage = 5-V, 10-V, and 15-V parametric ratings = 


RCA-CD4020B, CD4024B, and CD4040B = ® Maximum input current of 1 vA at 18 V 
are ripple-carry binary counters. All counter over full package-temperature range; 


° 
stages are master-slave flip-flops. The state 100 nA at 18 V and 25 C 
of a counter advances one count on the ® Noise margin (over full package-tempera- 


Vv 92CS. 
negative transition of each input pulse; a high ture range): 4 vat Vpp =5V cp40208 “—N 
level on the RESET line resets the counter to 2 V at Vpp = 10 V FUNCTIONAL DIAGRAM 
its all zeros state. Schmitt trigger action on 2.5 V at V|pp = 15 V 
the input-pulse line permits unlimited rise = Meets all requirements of JEDEC Tentative 
and fall times. All inputs and outputs Standard No. 13A, ‘Standard Specifications 
are buffered. for Description of ‘B’ Series CMOS Devices”’ 

The CD4020B and CD4040B types are Applications: 

supplied in 16-lead hermetic dual-in-line ae _ 

ceramic packages (D and F suffixes), 16-lead PRETO OOUntsts = Frequency dividers 
Timers ® Time-delay circuits 


dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 

The CD4024B types are supplied in 14-lead RIPPLE 
hermetic dual-in-line ceramic packages (D one 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 


INPUT | 


7 BUFFERED OUTPUTS 


suffix). 
NC=8,10,13 
MAXIMUM RATINGS, Absolute-Maximum Values: “= 
DC SUPPLY-VOLTAGE RANGE, (Vpp) CD4024B ae 
(Voltages referencedto Vgg Terminal) . . 2. 2. 1. 1. 1 we ee ee —0.5 to +20 V FUNCTIONAL DIAGRAM 
INPUT VOLTAGE RANGE, ALLINPUTS.. . . . . . . . . . . .) . 0.5 to Vpp +0.5 V 
DC INPUT CURRENT,ANY ONE INPUT... ....... 2.2. . .  +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPEE) . ... . . 500 mw 
For Ta = +60 to +85°C (PACKAGE TYPE E) . |... Derate Linearly at 12 mW/°C to 200 mW 
For Ta = -55 to +100°C (PACKAGE TYPES D,F,K) . . . 500 mw 
For Ta = +100 to +125°C (PACKAGE TYPES D,F,K) . . .- Derate Linearly at 12 mw/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . . 100mW 
OPERATING-TEMPERATURE RANGE uae 
PACKAGE TYPES D,F,K,H . . o¢ ee * Rm & « 6 «» & «& =BGte4926"C 
PACKAGE TYPEE .. . >~—ee eee eo ee eee —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tig! i # * ee ow eke we A, §6=6—OTIBOPC 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for10smax. . . . . . . , +265°C eee 


COUNTER 


TERMINAL ASSIGNMENTS 


12 BUFFERED OUTPUTS 


CD4020B CD4024B CD4040B Veg 92CS- 29066 R2 
CD4040B 


FUNCTIONAL DIAGRAM 


| | 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 


TOP VIEW 
NC = NO CONNECTION TOP VIEW 
92CS-24466R1 92CS- 20747R2 


TOP VIEW 
92CS-24462RI 
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CD4020B, CD4024B, CD4040B Types 


RECOMMENDED OPERATING CONDITIONS at Ty, = 25°C, Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


Supply Voltage Range (at Tq = Full Package- 
Temperature Range) 


Input-Pulse Frequency, 


Input-Pulse Width, tw 


140 
60 
40 


Input-Pulse Rise or Fall Time, Unlimited 


200 


Reset Pulse Width, 


Reset Removal Time, 


* 

INPUTS 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


* INPUTS 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Vss 92CS-2905IR2 


Fig. 2 — Logic diagram for CD4024B. 


* 
INPUTS 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


92CS-29052R2 


Vss 


Fig. 3 — Logic diagram for CD4040B. 


*ON FIRST STAGE ONLY 


92CS- 29050R2 


Fig. 4 — Detail of typical flip-flop stage. 


OUTPUT LOW (SINK) CURRENT (Ig) —mA 


DRAIN-TO-SOURCE VOLTAGE (Vps)--V 
92CS-24318R3 


Fig. 5 — Typical output low (sink) current 
characteristics. 


ov —mA 


a 
a 
a 

E 


BERET ABRRS CPAs 
VOLTAGE (Vgg)*15 V 


OUTPUT LOW (SINK) CURRENT (I 


DRAIN- TO-SOURCE VOLTAGE (Vps)—V 
92CS -24319R1 


Fig. 6 — Minimum output low (sink) current 
characteristics. 


ORAIN- TO-SOURCE VOLTAGE (Vps)—V 
-15 -10 -5 ie} 


AMBIENT TEMPERATURE (Ta)=25°c tH Hitt 
rt t44+ S8eae8 titi 

aeess GATE-TO-SOURCE VOLTAGE (Vgs)*-5V 5 
seneeaaeceeeseenneencen REBSTSARSS 


OUTPUT HIGH (SOURCE) CURRENT (I oH)—mA 


92CS-24320R3 


Fig. 7 — Typical output high (source) current 
characteristics. 
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CD4020B, CD4024B, CD4040B Types 


STATIC ELECTRICAL CHARACTERISTICS DRAIN-TO-SOURCE VOLTAGE (Vps)—V 

-15 -10 -5 
LIMITS AT INDICATED TEMPERATURES (°C) beorrtiitentrerirerPhntrvincecrecrecsee 
Values at -55, +25, +125 Apply to D, F, K, H Packages 


Values at —40, +25, +85 Apply to E Package 


CONDITIONS 


HTH GATE -TO-SOURCE VOLTAGE (Vgg)= - 
Ss eee LJ eases sesgesseasece 
STE EEE HEE 


CHARACTER- 
ISTIC 


: 


Quiescent Device 
Current, 
Ipp Max. 


i 
(} 
OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


Output Low 
(Sink) Current 
lou Min. 


N oO = 


N 


92CS-24321R2 
Fig. 8 — Minimum output high (source) current 
characteristics. 


Output High 
(Source) 
Current, 


10H Min. 


_ 
Ww 


AMBIENT TEMPERATURE (Ta)=25°C aedeceetccceescussetatatissse 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Nin. 


Input Low 
Voltage, 
Vit Max. 


TRANSITION TIME (trHe .tTLH)—As 


Input High 
Voltage, 
Vi Min. 


Input Current 
lin Max. 


6947 


‘4 


80 -p ye ee 


70- I 


iN 


100 
LOAD CAPACITANCE (C,_)— pF 92CS-24322 


Fig. 9 — Typical transition time as a function of 
load capacitance. 
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Dimensions and Pad Layout for CD4024BH. 


Dimensions and Pad Layout for CD4020BH. Dimensions and The photographs and dimensions of each CMOS chip 
pad layout for CD4040BH are identical. represent a chip when itis part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 


Dimensions in parentheses are in millimeters and different chips. The actual dimensions of the isolated 
are derived from the basic inch dimensions as in- chip, therefore, may differ slightly from the nominal 
dicated. Grid graduations are in mils (10-3 inch). dimensions shown. The user should consider a tolerance 


of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4020B, CD4024B, CD4040B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input t,, te = 20 ns, 
C, = 50 pF, Ry = 200kQ 


LIMITS 


CHARACTERISTIC TEST 


CONDITIONS 


UNITS 


_Input-Pulse Operation 


Propagation Delay Time, ¢ to 
Q, Out; tpHL. tPLH 


_ 
j=) 


40 60 80 100 
LOAD CAPACITANCE (CL)—pF 92CS-30156 
Fig. 10 — Typical propagation delay time as a 
function of load capacitance 
( ) to Q 1). 
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Transition Time, 
tTHL: 'TLH 
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POWER DISSIPATION (Pp )—pW 
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CL =S5OpF 


MHz INPUT PULSE FREQUENCY (f¢)—kHz — go¢5-30157 
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Time, trp. tt 
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hd 


Maximum Input-Pulse 
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Fig. 11 — Typical dynamic power dissipation as a 
function of input pulse frequency for 
CD4020B. 
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Reset Operation 
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Time, tpy 
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Minimum Reset Pulse 
Width, ty 


Reset Removal Time, 


"REM . ne _ 
Fig. 12 — Dynamic power dissipation test circuit 
for CD4020B. 
Vo Yoo 
INPUTS OUTPUTS INPUTS 
Vin Voo NOTE: 
ig ce + Ns (r) , MEASURE INPUTS 
° ° SEQUENTIALLY, 
Vit i Vss TO BOTH Vpp AND Vss; 
~ CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: Vop OR Vss: 
Vv TEST ANY COMBINATION 
oF OF INPUTS Vss 
92CS-27402 
92CS-27441RI 
92CS- 27401RI 
Fig. 13 — Quiescent device 
current test circuit. Fig. 14 — Input voltage test circuits. Fig. 15 — Input current test circuit. 
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CD4026B, CD4033B Types 


CMOS 


Decade Counters/Dividers 


High-Voltage Types (20-Volt Rating) 


With Decoded 7-Segment Display Outputs and: INHIBIT 


Display Enable — CD4026B 
Ripple Blanking — CD4033B 


The RCA-CD4026B and CD4033B each con- 
sist of a 5-stage Johnson decade counter 
and an output decoder which converts the 
Johnson code to a 7-segment decoded out- 
put for driving one stage in a numerical 
display. 

These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
important. 


Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CARRY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi- 
tional inputs and outputs for the CD4026B 
include DISPLAY ENABLE _ input and 
DISPLAY ENABLE and UNGATED “'C- 
SEGMENT” outputs. Signals peculiar to the 
CD4033B are RIPPLE-BLANKING INPUT 


AND LAMP TEST INPUT and a RIPPLE- 


BLANKING OUTPUT. 

A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transition if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK 
INHIBIT signal is high. The CLOCK INHI- 
BIT signal can be used as a negative-edge 
clock if the clock line is held high. Antilock 
gating is provided on the JOHNSON counter, 
thus assuring proper counting sequence. The 
CARRY-OUT (C,,,4) signal completes one 
cycle every ten CLOCK INPUT cycles and 
is used Yo clock the succeeding decade di- 
rectly in a multi-decade counting chain. 


The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY -VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vss Terminal) ............ 
INPUT VOLTAGE RANGE, ALLINPUTS ....46:5 0% 50 
DC INPUT CURRENT, ANY ONE INPUT ............ 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = -40 to +60°C (PACKAGE TYPE E) ....... 
For T, = +60 to +85°C (PACKAGE TYPE E) ....... 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............0008. 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES DF, Rell «icdséaeecescGusca ass 
PRORAGE VYPEE ca ccteneds iavatnwavaawees ia ams 


CLOCK 


nw 
- 
> 
a 
- 
> 
° 
a 
w 
(=) 
° 
Oo 
w 
°o 
. 


Features: 

= Counter and 7-segment decoding in one package 

= Easily interfaced with 7-segment display types 

= Fully static counter operation: DC to 6 MHz (typ.) 
at Vpp=10 V YsS  92c$-25078R1 

= Ideal for low-power displays 

® Display enable output (CD4026B) 

= “Ripple blanking’ and lamp test (CD4033B) 

@ 

= 


SEGMENT 


CD4026B 
FUNCTIONAL DIAGRAM 


100% tested for quiescent current at 20 V 
Standardized, symmetrical output 
characteristics 

# 5-V, 10-V, and 15-V parametric ratings 

® Schmitt-triggered clock inputs 

= Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 

Applications 

® Decade counting 7-segment decimal 
display 

® Frequency division 7-segment decimal 
displays 

® Clocks, watches, timers 
(e.g. +60, + 60, + 12 counter/display) 

= Counter/display driver for meter 
applications 


CLOCK 
INHIBIT 


7 DECODED OUTPUTS 


RIPPLE 
BLK. 8 
IN 


Vss 


CD4033B 
FUNCTIONAL DIAGRAM 


92CS-25076R1 


segment display device used for representing 
the decimal numbers 0 to 9. The 7-segment 
outputs go high on selection in the CD4033B; 
in the CD4026B these outputs go high only 
when the DISPLAY ENABLE IN is high. 


TERMINAL DIAGRAMS 
Top View 


CLOCK Tr) 16 Yoo 
CLOCK INHIBIT 2 RESET 
DISPLAY ENABLE IN a UNGATED "C" SEGMENT OU" 
DISPLAY ENABLE OUT 4 c 
CARRY OUT 5 b 
f 6 e 
ce) 7 a 
Vss 8 d 
aa aaah OMS Be bed eee cee o -0.5 to +20 V 
2 Sith haw Suen w el wo 0. eNO eG. wel w Saale te ele -0.5 to Vpb +0.5V 92CS-24469RI 
sh dicovic ures iat enteraei tiovay seen ate Ghee arenduar ou dvondes +10 mA 
CD4026B 
rideahen gees tens ca owsn seen Se eee chukes 500 mW . 
aioe Derate Linearly at 12 mW/°C to 200 mW Top View 
(Raenhesseebereeesacde sewussek seeds 500 mW eine le Vop 
pe peas Derate Linearly at 12 mW/°C to 200 mW CLOCK INHIBIT 2 RESET 
RIPPLE BLANKING IN 3 LAMP TEST 
RIPPLE BLANKING OUT 4 c 
CARRY OUT 5 
f 6 e 
ee ee ee eee re ry ee eee -55 to +125°C 9 7 a 
(cs aabatecuseesanwaneuseaenen -40 to +85°C ‘ss —48 d 


STORAGE TEMPERATURE RANGE (Tstg) ooo SE DeENES eTWRA URS UR eUeeEe ee uaGaeeees -65 to +150°C esis aevert 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ............ cece ee eae +265°C CD4033B 
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RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 


Vpp LIMITS 


/min. | MAX. _| 

pa] 
2.5 

BES 


always within the following ranges: 


Clock Input Frequency, 


Clock Pulse Width, tWCL 


Clock Rise and Fall Time, teow tei 


Clock Inhibit Set Up Time, tsy 


Reset Pulse Width, 


Reset Removal Time 


CHARACTER- 


ISTIC 


| 55 | 
Quiescent Device Pose | 0,5 
Curent, [= Jono] 10 [10 
Sink) Curent’ [08 [ono] 10| 16 | 
ale 1.5 4.2 
Souree 
een, — |_ 9:8] 9.10] 10 [-1.6 | 
Siaahiaa 13.5 | 0,1 —4.2 


Output Voltage: 
Low-Level, 
VoL Max. 


Output Voltage: 


High-Level, ; 
VOH Min. 
Input Low 0.5, 4.5 
Voltage, 
Vir Max. 7513.5 
Input High 0.5, 4.5 | 
Voltage 
MM 11.5,13.6 


Input Current 
lin Max. 


o 


CHARACTERISTIC 
Supply-Voltage Range (For T, = Full Package 
Temperature Range) 
feL 


(Vv) 


200 
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200 
100 
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80 
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LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25,+85 Apply to E Package 
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CD4026B, CD4033B Types 


UNITS 


CD4026B 


When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low re- 
gardless of the state of the counter. Acti- 
vation of the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display-character multiplexing. 

The CARRY OUT and UNGATED “C- 
SEGMENT” signals are not gated by the 
DISPLAY ENABLE and therefore are avail- 
able continuously. This feature is a re- 
quirement in implementation of certain di- 
vider functions such as divide-by-60 and 
divide-by-12. 


CD4033B 


The CD4033B has provisions for automatic 
blanking of the non-significant zeros in a 
multi-digit decimal number which results in 
an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.0700 in an eight digit display 
would be displayed as 50.07. Zero suppres- 
sion on the integer side is obtained by con- 
necting the RBI terminal of the CD4033B 
associated with the most significant digit in 
the display to a low-level voltage and con- 
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033B in the 
next-lower significant position in the dis- 
play. This procedure is continued for each 
succeeding CD4033B on the integer side of 
the display. 

On the fraction side of the display the RBI 
of the CD4033B associated with the least 
significant bit is connected to a low-level 
voltage and the RBO of that CD4033B is 
connected to the RBI terminal of the 
CD4033B in the next more-significant-bit 
position. Again, this procedure is continued 
for all CD4033B’s on the fraction side of the 
display. . 

In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to ahigh level voltage (instead of to the 
RBO of the next more-significant-stage). 
For example: optional zero > 0.7346. 
Likewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of 
the CD4033B associated with it to a high- 
level voltage. 


Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 


The CD4033B has a LAMP TEST input 
which, when connected to a high-level volt- 
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 


The CD4026B- and CD4033B-series types 
are supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 
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CD4026B, CD4033B Types 
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ENABLE: Qe a ENABLE ; Sani 
™ 6 OUT Fig. 3 — CD4026B timing diagram. 
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Fig. 6 — Typical n-channel output low (sink) 
current characteristics. 
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Fig. 7 — Minimum n-channel output low (sink) 
current characteristics. 
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Fig. 4 — CD4033B timing diagram. 
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Fig. 5 — Detail of typical flip-flop stage for both types. 
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Fig. 8 — Typical p-channel output high (source) 
current characteristics. 
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CD4026B, CD4033B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7, = 25°C, Input t,, t= 20 ns cle eae 
Cy = 50 pF, Ry = 200k , Benen nie alae 


TEST 
CONDITIONS 


CHARACTERISTIC 


eo 
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CLOCKED OPERATION 


Propagation Delay Time; tpLH. tpHL 
Carry-Out Line 


SOSESSSRSSSRSSESSSRSSRSRSRERES SESE eS 
OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


92CS-24321R2 
Fig. 9 — Minimum p-channel output high (source) 
current characteristics. 
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tCL. ECL Unlimited Fig. 10 — Typical propagation delay time as a 
function of load capacitance for 


decoded outputs. 


AMBIENT TEMPERATURE (Tae 28ec THT 
Baan 


Average Input Capacitance, Cj.) Any Input 


ah 


RESET OPERATION 


Propagation Delay Time; 
To Carry-Out Line, tpLH 


215 


:10_|~ |120 |240 


To Decode Out Lines, tpHt tpLH 


PROPAGATION DELAY TIME (tp, y:'py_)—#8 


LOAD CAPACITANCE (C.)— pF 92CS- 31704 


Fig. 11 — Typical propagation delay time as a 
function of load capacitance for 
carry-out outputs. 


Min. Reset Removal Time 


N 
(2) 


Min. Reset Pulse Width, tw = 


4 Measured with respect to carry-out line. 


A 
Cer 
eune” caue 
COAT 
ene 


7 


35 


uo 


nN 
x= 
= 
L 
a 
¥ 
> 
oO 
z 
rt) 
> 
Co 
Ww 
a 
we 
1 
a 
2 
a 
z 
x 
3 
_j 
oO 
2 
= | 
2 
x 
<_ 
2 


7S eer | 
ie) 2 4 6 8 10 12 14 16 
SUPPLY VOLTAGE (Vpp) — Vv 92Cs-31703 


Fig. 12 — Typical maximum clock input-frequency 
as a function of supply voltage. 
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CD4026B, CD4033B Types 
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TYPICAL DYNAMIC POWER DISSIPATION (Pp)—p» 


CLOCK INPUT- FREQUENCY (fc, )—MHz 92cs- 31701 
Fig. 13 — Typical power dissipation as a function 
of clock input frequency. 
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TEST PEFORMED WITH 
THE FOLLOWING SEQUENCE OF 
"1"s AND"O"s AT EACH INPUT 


S; So Sz Sq Ss5 
0 00 0 
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Oo | 
14 


%* DISCONNECT PIN 14 
FOR CD4026B 


92CS- 31706 


Fig. 15 — Quiescent device current. 
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DD 
Fig. 14 — Dynamic power dissipation test circuit 
for CD40338. INPUTS OUTPUTS 
Vin 
No - 
INTERFACING THE CD4026B AND CD4033B WITH COMMERCIALLY AVAILABLE ye / 
IL 
LIGHT EMITTING DIODE DISPLAYS = 
NOTE: 
Vas Vss TEST ANY COMBINATION 
OF INPUTS 
MONSANTO MAN 3 Vop MONSANTO MAN | 1/7 CA3081 ‘s [MANI | ! 92CS-27441RI 
ConbOae 7 caroee ian a _—\ ! big te tedeve 
Li V B \/7 CA308 1g. — Input voltage. 
ie — OR EQUIVALENT Voo 7 g a 
A ee 
: [MAN3 | . | 
| CD04026B/ A Vo 
| clock O—40040338 | 
7 
| INHIBIT SEGMENTS | INPUTS 
| 
Ip RESET | Vop NOTE: 
| G a MEASURE INPUTS 
| G ° (x) SEQUENTIALLY, 
Vop 23.5V = G VoD >5V (MIN) bi Vss TO BOTH Vpp AND Vss: 
Ig * 5 mA/ SEGMENT rg 20.4 mA = CONNECT ALL UNUSED 
ad INPUTS TO EITHER 
Lsehrieeaieneoiongs Ig > !2 mA/Seg. (100 %DUTY CYCLE) = Van OR V . : 
a a Bde (MIN) >30 dD ©” “SS 
Tiep Vss 


WHERE Vp= INPUT PULSE 
Ve = FORWARD DROP 
ACROSS DIODE 


92CS-31708 


WHERE Ve= FORWARD DROP ACROSS DIODE 


4-10 
| (0.102 - 0.254) 


(2.642 - 2.845) 


104 -\l2 


Dimensions and pad layout for CD4026B. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 
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Voce (SAT) < 0.5 V 
Re Von" Vee teat Ve (tee 


88 - 96 
\2.230 2456) 


92C5S-31700RI 


Tiep 92CS-31709 


80 90 


107 
fo 90 190 | 


4-10 
(0.102-0.254) 


104-112 
(2.642- 2.844) 


92CS-32207 


Dimensions and pad layout for CD4033B. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


92CS-27402 


Fig. 17 — Input current. 
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CD4026B, CD4033B Types 


INTERFACING THE CD4026B AND CD4033B WITH COMMERCIALLY AVAILABLE 
7-SEGMENT DISPLAY DEVICES* 
(Refer to RCA Application Note ICAN-6733 for detailed interfacing information) 


VT 


10F7 
SEGMENTS 
| IT INCANDESCENT READOUTS 
RCA Numitron DR2000 Series 
TUBE REQUIREMENTS 
V+ = 3.5-5V 


; 
ly = 24 mA Segment 


lg 
——> 


C04026B/ 


aaa CD40338 


17 CA3081 


INHIBIT OR EQUIV. 


7 SEGMENTS ASSUMED C04049UB 
R TRANSISTOR 
oe CHARACTERISTICS @ Vg = 10 (min.) 
Bdc (min.) > 25 Vo O" $ 2v 
VcE (sat.) < 0.5V I7 =8mA (min.) 
Vr=3. 
‘Vous BV ining TT3I.5VTOBV 
= Ig = imA (min.) oaniben 
Iz = 24mA (min.) @ Vee = 10 V (min.) 
1/6 CD4049uB I V,"0" < 0.6V 
ly = 8 mA (min.) 
LOW-POWER INCANDESCENT READOUTS 2 peta ee 
PINLITES INC-Series O and R CHARACTERISTICS @Voc = 8V (min.) 
TUBE REQUIREMENTS V+(V) mA/Segment ime 
Bdc (min.)2 30 V,'‘O' < lV 
0-03-15 15 8 Sena ° 
0-04-30 3 8 CENetl= Iz = 5mA (min.) 
0-06-30 3 8 "Vee > 3.5 ¥ (min.) Vrs1.5V TO3.5V 
R-R3-20 2 43 lg 2 0.25 mA (min.) , 
R-R4-30 3 43 IT < 7.5 mA (min.) 
92CM- 31707 


* The interfacing buffers shown, while a necessity with the CD4026A and CD4033A, are not required when 
using the B’’ devices; the ““B’’ outputs (~ 10 times the ““A’’ outputs) can drive most display devices 
directly especially at voltages above 10 V. 


WITH Von =!8 V MEDIUM BRIGHTNESS 
Vy = 170¥ OC 


7 Van IN LOW AMBIENT LIGHT BACKGROUND 
_ DD WiLL RESULT. THE POINT OF NO 
10F 7 NOTICEBLE GLOWIS Vorrf # 4.5V 
— ene C040268/ 
CLOCK C040338 CD40338 
INHIBIT 
7 SEGMENTS CLOCK 
RESET 13.5V INHIBIT 
LOGIC O 
= VOLTAGE 
RESET 
NEON READOUT (NIXIE TUBE4) 
1. Alco Electronics — MG19 
2. Burroughs — B5971, B7971, 88971 
TUBE REQUIREMENTS V7(Vdce) mA Segment = - a i 
AlcoMG19..... . 180... . 085 i eel VACUUM FLUORESCENT 
Burroughs B5971. . . . 170... . 3 . = 
ae 2. Nippon Electric (NEC); Type DG12E or LD915 
(Trademark) Burroughs Corp. TUBE REQUIREMENTS: 100 to 300 pA/segment 
TRANSISTOR CHARACTERISTICS at tube voltages of 12 V to 25 V depending on 
Leakage with transistor cutoff — 0.05 mA required brightness Filament requirement 45 mA 
VIBRICER - - - «+ - 2VT at 1.6 V, ac or de. 
Bac (min.) > 30 cee ee t (Trademark) Wagner Electric Co. 


9g2cs-31711 
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CD4027B Types 


CMOS Dual J-K 
Master-Slave Flip-Flop 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4027B is a single monolithic 
chip integrated circuit containing two iden- 
tical complementary-symmetry J-K master- 
slave flip-flops. Each flip-flop has provi- 
sions for individual J, K, Set, Reset, and 
Clock input signals. Buffered Q and Q 
signals are provided as outputs. This input- 
output arrangement provides for compatible 
operation with the RCA-CD4013B dual D- 
type flip-flop. 

The CD4027B is useful in performing con- 
trol, register, and toggle functions. Logic 
levels present at the J and K inputs along 
with internal self-steering control the state 
of each flip-flop; changes in the flip-flop 
state are synchronous with the positive- 
going transition of the clock pulse. Set and 
reset functions are independent of the clock 
and are initiated when a high level signal is 
present at either the Set or Reset input. 


The CD4027B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix),16-lead ceramic flat 
packages (K suffix), and in chip form (H 


Features: 

= Set-Reset capability 

® Static flip-flop operation — retains state indefinitely 
with clock level either “high”’ or “low” 


= Medium speed operation — 16 MHz (typ.) clock toggle 
rate at 10 V 


@ Standardized symmetrical output characteristics 
100% tested for quiescent current at 20 V 
@ Maximum input current of 1 uA at 18 V over 


full package-temperature range; 100 nA at 
18 V and 25°C 


® Noise margin (over full package- 
temperature range): 
1VatVpp= 5V 
2VatVpp =10V 
2.5 Vat Vpp = 15 V 
# 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 
@ Registers, counters, control circuits 


92CS-17187R1 


Functional Diagram 


suffix). oo Hie Yop 
MAXIMUM RATINGS, Absolute-Maximum Values: au : - 
DC SUPPLY-VOLTAGE RANGE, (Vpp) RESET 2 4 CLOCK | 
(Voltages referericed toVeq Terminal) siciccasurewdcracscasentaxend vewrrarnexwiaronces -0.5 to +20 V pe eal 
INPUT VOLTAGE RANGE, ALLANPUTS sicccdrcaewd dnsciaducedenaren ss edoeases caus -0.5 to Vpp +0.5 V sero ? fy 
DC INPUT CURRENT, ANY ONEINEUT ccccuncrtwie cd (vetensiusasons ec wi aesicecewis seh owiads +10 mA Vss 8 SETI 
POWER DISSIPATION PER PACKAGE (Pp): TOP view 
For T , = -40 to +60°C (PACKAGE TYPE E) ........ 0. cece cece sree cere nent p ene e ene eeceeeenes 500 mW 92C8-24470 
For T, = +60 to +85°C (PAGKAGE TYPE E) wssnie ce nasceavanes Derate Linearly at 12 mW/°C to 200 mW 
For 14 =-50 to f100°C (PACKAGE TYPES DO, F, 4) vcvcawedacceSwrvadsanndnddanddves eveveae ss 500 mW 
For ay = +100 to +125°C (PACKAGE TYPES D,F, K) .......... Derate Linearly at 12 mW/°C to 200 mW TERMINAL ASSIGNMENT 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............-..eeeeeee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PAGE FPS Uy PU: 20ic0scdaaeecxecedossonvaskaseen re ateoa wens ee keb Cadiens -55 to +125°C 
PPE CI PEE. eoccdducudsantaccetbieseescvadaukuneeesOris kaeets eeteneseetseedees -40 to +85°C 
STORAGE TEMPERATURE RANGE UR 0) Se ere -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ......... cece eee eee eee +265°C 
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201290 | > 
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Fig.1 — Logic diagram and truth table for CD4027B (one of two identical J-K flip flops). 
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CD4027B Types 


AMBIENT TEMPERATURE (Ta)* 28°C RRR Oda R ERE REeeSsanes 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


OUTPUT LOW (SINK) CURRENT (Io) —mA 


Supply-Voltage Range 
(For Ta = Full Package Temperature Range) 


ie) 5 10 15 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-24318R3 


Data Setup Time 
. Fig.2 — Typical output low (sink) 


current characteristics. 


AMBIENT TEMPERATURE (Tq)=25 °C Ht He HEH 
ee 


Clock Pulse Width 


ov —mA 


Clock Input Frequency (Toggle Mode) SrGsebacssessnscesssaetes seestee: 


Clock Rise or Fall Time t,;CL* 


OUTPUT LOW (SINK) CURRENT (I 


Set or Reset Pulse Width 


I 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS -24319R1 


If more than one unit is cascaded in a parallel clocked operation, t-CL should be made less 
than or equal to the sum of the fixed propagation delay time at 15 pF and the transition 
time of the output driving stage for the estimated capacitive load. 


Fig.3 — Minimum output low (sink) 
current characteristics. 
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Fig.5 — Minimum output high (source) 
current characteristics. 
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Fig.4 — Typical output high (source) 


current characteristics. Fig.6 — Typical power dissipation vs. frequency. 
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Fig.7 — Input current test circuit. 


Fig.8 — Input-voltage test circuit. 


Fig.9 — Quiescent device current test circuit. 
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CD4027B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
Values at —40,+25,+85 Apply to E Pkgs. 


CHARAC- 
TERISTIC 


CONDITIONS 


Quiescent 
Device 
Current 

lpp Max. 


Output Low 
(Sink) 
Current, 


(Source) 
Current, 
1OH Min. 
Output Volt- 
age: 
Low-Level, 


Output Volt- 
age: 
High-Level, 


Input Low 
Voltage, 
VIL Max. 


Input High 
Voltage, 
ViH Min. 
Input 
Current, 
lin Max. 


ma 


Dimensions in millimeters are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (107 ~). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


| (0.1 ¥ 


(2.007-2.209) Dimensions and Pad Layout for CD4027BH 


92CS-35059 
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CD4027B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C; Input t,, te = 20 ns, - 7S TEMPERATURE ae 
CL = 50 pF, Ry = 200 k2 


CHARACTERISTIC 


ees: Het ayPP 
# 


nee siti coe e PRET TaTH 


Propagation Delay Time: 
Clock to Q or O Outputs 


‘PHL: 'PLH 


PROPAGATION DELAY TIME (tpy_,tpiH)—ns 


SES Setsssstesessssscssscees HH 
0 20. +40 60 ra 
LOAD CAPACITANCE e— pF 


Set to Q or Reset to @) tPLH 92CS-27552 
Fig.10 — Typical propagation delay time vs. 
load capacitance (CLOCK or SET 
- to Q, CLOCK or RESET to Q. 
Set to Q or Reset toOQ tpyy 


Transition Time tty L- 'TLH 


40 80 


70 140 
30 
20 


Maximum Clock Input 
Frequency*# (Toggle Mode) 
FCL 


—_ = 

no 

_ co 

nN © & 

NO — 

ho ™ 
= 
as 
N 
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Fig.11— Typical propagation delay time vs. 
load capacitance (SET to Q or 
RESET to Q). 
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~ Fig.12— Typical maximum clock trequency vs. 
supply voltage (toggle mode). 
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Fig. 13—Dynamic power dissipation test 
circuit. 
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CD4028B Types 
CMOS 


BCD-to-Decimal Decoder 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4028B types. are BCD-to- 
decimal or binary-to-octal decoders consist- 
ing of buffering on all 4 inputs, decoding- 
logic gates, and 10 output buffers. A BCD 
code applied to the four inputs, A to D, 
results in a high level at the selected one of 
10 decimal decoded outputs. Similarly, a 
3-bit binary code applied to inputs A through 
C is decoded in octal code at output Oto 7 
if D = ‘0’. High drive capability is provided 
at all outputs to enhance dc and dynamic 
performance in high fan-out applications. 


The CD4028B-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Y 

I 

| 
a 
@ 


ALL INPUTS ARE PROTECTED 


BY COS/MOS PROTECTION 
NETWORK, 


Yss 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vcg Terminal) ................ 
INPUT VOLTAGE RANGE, ALL INPUTS ................ 
DC INPUT CURRENT, ANY ONE INPUT ................ 


POWER DISSIPATION PER PACKAGE (Pp): 


For Ty, = 40 to +60°C (PACKAGE TYPE E) ........... 
For Ty = +60 to +85°C (PACKAGE TYPE E). i 26500 e000 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 


For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


es 
i ao 


a 
oie 
fal 
Sig 

iS 7 TF OS 
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Fig. 1 — Logic diagram. 


Features: 


= BCD-to-decimal decoding or binary-to-octal decoding 
® High decoded output drive capability 
= “Positive logic’ inputs and outputs. .. . 

pawes decoded outputs go high on selection 
® Medium-speed operation. ... 

tpHL- tpLH = 80 ns (typ.) @ Vpp = 10 V 
® Standardized, symmetrical output characteristics 
= 100% tested for quiescent current at 20 V 


@ Maximum input current of 1 uA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (over full package- 
temperature range): 
1VatVpp= 5V 
2 V at Vpp = 10 V 
2.5 V at Vpp = 15 V 
# 5-V, 10-V, and 15-V parametric ratings 
® Meets all requirements of JEDEC 
Tentative Standard No. 13A, ‘Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices” 
Applications: 
= Code conversion  # Indicator-tube decoder 
= Address decoding—memory selection control 


| J >—@o 


(14) 1 


(2)2 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..........:ecce cece cence eeeee 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES 0: Fe ine cacavtdsnrdedsasghuetesseerd ceri ir etaieauew sae sreaseuexeees -55 to +125°C 

PACICAGE PYPED 6 oe tinvsabcetcene ceasedie bees essay oes DI Cbe be reed ee Penne edie eNemncandeie ss -40 to +85°C 
STORAGE TEMPERATURE RANGE (T stg) Sev ev Gaahs Media meade eateae sreneaapesaanieugsenaadeks -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ......ccccsccccccecssenssweceress +265°C 
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FUNCTIONAL DIAGRAM 
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92CS -24471 


Top View 
TERMINAL DIAGRAM 


TABLE | — TRUTH TABLE 


DCBAIO123456789 
| @)7 0000100000000 0 
0001101000000 00 
@)s 0010j0010000000 
00111/0001000000 
r] p- >? 0100j0000100000 
0101;0000010000 
eaeoeatts 0C110)/0000001000 
01111/0000000100 
1000j0000000010 
1001/0000000001 
ere 1010);/0000000000 
jie tes Bede te pdgsiouras oSuroe- eo ewvirsae eee -0.5 to Vpp +0.5 V 1'o11;0000000000 
soosunscieh ec ateansint bbe senidttonieteeanccreamavanes +10 mA 1100/0000000000 
, 1101/0000000000 

ultiredindsles Mosreworreoeduesacreinadateaesacaaenes 500 m 
ss eteeinkee wie x on Derate Linearly at 12 mW/°C to 200 mW rare eee 84 
sadhitden bbEsa dabriepekmthoxancubnvaiianaacensd 500 mW 1171130000000000 
rere Ter err Se Derate Linearly at 12 mW/°C to 200 mW | = HIGH LEVEL 0 = LOW LEVEL 


CD4028B Types 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 
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PEE TO- ssnce € VOLTAGE Wash ISV + 
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CHARACTERISTIC 


Supply-Voltage Range 
(For Ty = Full Package 
Temperature Range) 


OUTPUT LOW (SINK) CURRENT (To) —mA 


HAAS 2 
Peroni a aa tH 
5 


STATIC ELECTRICAL CHARACTERISTICS oRAIN-T0-SOURCE VOLTAGE vos) . ae 


LIMITS AT INDICATED TEMPERATURES (°C) _ Fig. 2 — Typical output low (sink } 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages current characteristics. 
CHARACTER.- Values at —40, +25, +85 Apply to E Package 


7 
_ 
Pe 


Quiescent baie 
Current, 
lpp Max. 


N 


Output Low 
(Sink) Current 


1ou Min. 


a 
E 
I 

| 

oO 
~ 
i= 

z 

Ww 

x 

« 

=] 

eo 

x 

z 

7.) 

5 3 

fe} 

a 

- 

=) 

a 

- 

> 

fe} 


Output High 
(Source) 
Current, 

1OH Min. 


5 
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Fig. 3 — Minimum output low (sink) 
current characteristics. 
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Fig. 4 — Typical propagation delay time as 
a function of load capacitance. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tg = 25°C, C, = 50 pF, 
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Fig. 5 — Typical output high oie 
current characteristics. 
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CD4028B Types 


INPUTS 


DCBA 


TABLE I! — CODE CONVERSION CHART 


INPUT CODES 
OUTPUT NUMBER 


0123 45 67 8 9 101112131415 
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° SEQUENTIALLY, 

Vss TO BOTH Vpp AND Vss; 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss- 


Yoo 
Vss 


TRANSITION TIME (trHL.tTLH)—ns 


92CS-274902 


40 80. 100 Fig. 9 — Input current test circuit. 
LOAD CAPACITANCE (CL)— pF 
92CS-24322 


Fig. 8 — Typical transition time as a 
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function of load capacitance. 
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NOTE 
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Fig. 11 — Input voltage test circuit. 


92CS-29416 


Fig. 10 — Dynamic power dissipation 
test circuit. 


9eC5 2740IRI 
Fig. 12 — Quiescent device current 
test circuit. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


15 10 
AMBIENT TEMPERATURE (Ta)= 25°C +4444 
H ty ELE 


OUTPUT HIGH (SOURCE) CURRENT(I OH)—mA 


92CS-24321R2 


Fig. 6 — Minimum output high (source) 
current characteristics. 
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POWER DISSIPATION (Pp)—pW 


92CS-29412 


Fig. 7 — Typical dynamic power dissipa- 
tion as a function of input 
frequency. 


TYPICAL APPLICATIONS 


INPUTS 


176 CO4069B 


C04028B C040288 


O23 45 6 7-69 o'123485$6769 


o12345 67 69 101112 1314 15 


16 OUTPUTS 
S2C8- 20414 


Fig. 13 — Code conversion circuit. 


The circuit shown in Fig.13 converts any 4- 
bit code to a decimal or hexadecimal code. 
Table 2 shows a number of codes and the 
decimal or hexadecimal number in these 
codes which must be applied to the input 
terminals of the CD4028B to select a partic- 
ular output. For example: in order to get a 
high on output No. 8 the input must be 
either an 8 expressed in 4-Bit Binary code, a 
15 expressed in 4-Bit Gray code, or a 5 ex- 
pressed in Excess-3 code. 
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CD4028B Types 


TUBE REQUIREMENTS 


| 9 
0 ‘ 
7 Burroughs B4081 170 14 
sco | 6 B4336/718 v0 | 2 
INPUTS i] 84032 170 14 
C04 
8 040268 a 84021 120 14 
‘ z TRANSISTOR CHARACTERISTICS 
c 
1 Leakage with transistor cutoff, OO05mA 
| 0 ViBRICEO < 70V 
92CS - 29413 


“(Trademark ) Burroughs Corp. 


Fig. 14 — Neon readout (Nixie Tube“) display application. 


( INHIBIT 
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O-------9 
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Fig. 15 — 6-bit binary to 1-0f-64 address decoder. 
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CD4028BH 
DIMENSIONS AND PAD LAYOUT 


The photographs and dimensions of each CMOS chip 
Dimensions in parentheses are in millimeters and are represent a chip when it is part of the wafer. When the 
derived from the basic inch dimensions as indicated. water is separated into individual chips, the angle of 
; ; ; : = oe leavage may vary with respect to the chip face for 
rid graduations are in mils (1 3 in : 

Grid g HONS 200 s (10 inch) different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 

dimensions shown. The user should consider a tolerance 


of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4029B Types 


CMOS Presettable 
Up/Down Counter 


Binary or BCD-Decade 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4029B consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes. The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK EN- 
ABLE), BINARY/DECADE, UP/DOWN, PRE- 
SET ENABLE, and four individual JAM sig- 
nals. Q1, Q2, Q3, O4 and a CARRY OUT 
signal are provided as outputs. 


A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A low on each JAM line, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count. The counter is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE- 
SET ENABLE signals are low. Advancement 
is inhibited when the CARRY-IN or PRESET 
ENABLE signals are high. The CARRY-OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimum count in the 
DOWN mode provided the CARRY-IN sig- 
nal is low. The CARRY-IN signal in the low 
state can thus be considered a CLOCK 
ENABLE. The CARRY-IN terminal must be 
connected to Vss when not in use. 


Binary counting is accomplished when the 
BINARY/DECADE input is high; the counter 
counts in the decade mode when the BI- 
NARY/DECADE input is low. The counter 
counts up when the UP/DOWN input is 
high, and down when the UP/DOWN input 
is low. Multiple packages can be connected 
in either a parallel-clocking or a ripple- 
clocking arrangement as shown in Fig. 17. 


Parallel clocking provides synchronous con- 
trol and hence faster response from all 
counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 


The CD4029B-series types are supplied in 
16-lead ceramic dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


CD40298B Terminal Diagram 


‘PRESET ENABLE 


CARRY OUT 
Vss 


UP/DOWN 
BINARY/ DECADE 


@OanNnOVUS WD 
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Features: 


@ Multi-package parallel clocking for synchronous 


@ Standardized, symmetrical output charac- 


Medium-speed operation .. . 8 MHz (typ.) 
@ Cy = 50 pF and Vpp-Vss =10V 


high speed output response or ripple clocking 

for slow clock input rise and fall times 

‘Preset Enable” and individual ‘‘Jam”’ inputs provided 
Binary or decade up/down counting 

BCD outputs in decade mode 


{a} 

Wy 
Ls 
wae 
we 
>> 
ao 


100% tested for quiescent current at 20 V 
5-V, 10-V, and 15-V parametric ratings 


teristics Yss 92CS-I7I9OR3 
Maximum input current of 1 uA at 18 V oAneie 
over full package-temperature range; 
100 nA at 18 V and 25°C FUNCTIONAL DIAGRAM 
Noise margin (over full package-tempera- 
ture range) 

1VatVpp= 5V 

2V at Vpp =10 V 

2.5 V at Vpp =15 V 

Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


Programmable binary and decade 
counting/frequency synthesizers-BCD output 
Analog to digital and digital to 

analog conversion 

Up/Down binary counting 

Magnitude and sign generation 

Up/Down decade counting 

Difference counting 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(voltages referenced 16 Vee TEMNINGl): ..6ssccevaceivivsaxucncisaveessunweeeenceeaes -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS <.écicsccnsececactenneoeneieedecesWoeuwes -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONEINPUT ncancciaa vent ond tenes edaebieseand so4enkaensaxeeds +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr Ta = =@0 to 400? (PACKAGE TYPE E) xcsncavesesasenevsveconaweeserscataeucesaeey 500 mW 

For] , = +60 to 86°C (PACKAGE TYPE E) vise isccceseavn Derate Linearly at 12 mW/°C to 200 mW 

FOr «= -Go't0 F100"C (PACKAGE TYPES OF K) iahsscsrdiccseebanensisandocenadcuaece 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) ....... Derate Linearly at 12 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................. 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PAURAGS TVPes OF vcciieen ciesesctaensecesdasanseeepentessupedncuvecaie -55 to +125°C 

PRISE VP eS var be caver ehdrnedue sieeeweaaiseececs os oedee cbudsess eauseaeek -40 to +85°C 
STORAGE TEMPERATURE RANGE (T stg) etPiekepaeie ted esse ws pabaee Prenta gene -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ........... ccc eee e eee +265°C 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply toD, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


CHARAC- 
TERISTIC 
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~ TAMBIENT TEMPERATURE (Tas 25°C '] 1) 
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Fig. 1 — Typical output low (sink) current 
characteristics. 
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ORAIN- TO-SOURCE VOLTAGE (Vps)—V 


Fig. 2— Minimum output low (sink) current 
characteristics. 


OUTPUT LOW (SINK) CURRENT (To) —mA 
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DRAIN- TO- SOURCE VOLTAGE (Vps)—V 


Soncessaca! sesesseucssss 


SSSSROCERSi 


characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
-15 -10 -5 

AMBIENT TEMPERATURE (Ta)= 25°C ss H 

sgesessas titel ttt tet tet H+ 


sease -SOURCE VOLTAGE (Vgs)* -5 V 
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HET 
HH 


fo) 
OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


9205-2432182 
Fig. 4 — Minimum output high (source) current 
characteristics. 
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AMBIENT TEMPERATURE (Ta)*25°C f 
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Fig. 5— Typical transition time as a function of 
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load capacitance. 
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Fig. 6 — Typical propagation delay times as a func- 


tion of load capacitance (Q output). 
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Fig. 7 — Typical propagation delay time as a func- 


LOAD CAPACITANCE (Ci) 


tion of load capacitance (carry output). 


m—([g) NOILVdISEIO YIMOd 


CLOCK FREQUENCY ( tq, )— kHz 
Fig. 8 — Typical power dissipation as a function 


Fig. 10 — Timing diagram-binary mode. 


of frequency. 
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“CLOCK UP" 


"UP/DOWN" 
"CLOCK DOWN" 
"CLOCK" 
aaae | 1 CO4011 | 
Owns |___QUAD 2 INPUT NAND GATE | 


92CS-17195R2 


Fig. 11 — Conversion of clock up, clock down 
input signals to clock and up/down 
input signals. 


The CD4029B CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided, conversion to 
the CD4029B CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 
in: Figs 11, 


CONTROL 
INPUT ACTION 


BIN/DEC BINARY COUNT 
(B/D) DECADE COUNT 


UP/DOWN UP COUNT 
(U/D) DOWN COUNT 


CD4029B changes count on positive transi- 


PRESET ENABLE JAM IN 


(PE) NO JAM tions of CLOCK UP or CLOCK DOWN 
: NO COUNTER inputs. For the gate configuration shown 
ADVANCE AT POS. 
CARRY IN (CT) CLOCK TRANSITION below, when counting up the CLOCK DOWN 


(CLOCK ENABLE) ADVANCE COUNTER 


AT POS. CLOCK 
TRANSITION 


92CL- 26675 RI 


input must be maintained high and conversely 
when counting down the CLOCK UP input 
must be maintained high. 


Fig. 9 — Logic diagram (cont'd). 


| | | | | | | 1 | | | | | 
1 ' ! | ! | | ! ! | | ' ! ! | | | ! 
ccock co CU LULL a pL ALL. 
CARRY IN | 14 to4yoo4 i 4 
(CL ENABLE) ! Ml D1 
| | | | | | | i} | 
Tr a Cae a Tae anne aa Ci Gua ee nel Tas | ae Sere) Le, SNe ee ee ee 
| | | | | i | 
BINARY/ — tot 4 14 


DECADE UII UII TSIEN SIISISST SSS SSS 


| | | ! | | 

PRESET rq 4 = alt a 
ENABLE = a 
| | | | | 


| | 
| | 
| ' 
@ Ct a 
| | | 
CARRY OUT : Ly | j 
| | 
| | 
| | 
| | 


| 
COUNT Pore Te 5S) 4S Le 7 
| 


92CM-I7I9D3R3 


Fig. 12 — Timing diagram-decade mode. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ty, = 25°C, Input t,, te = 20 ns, 
C, = 50 pF, Ry = 200 k2Q 500 pF 


CHARACTERISTIC 


Clocked Operation 


@S@rnNOurun—- 


Propagation Delay Time: tpy_, tpry 
Q Output 


92CL-29722 


Carry Output Fig. 13 — Power dissipation test circuit. 


Transition Time: tTHL: TTLH 
Q Outputs, Carry Output 


Minimum Clock Pulse Width, tw 


Clock Rise & Fall Time, CL. ecL” 


t 


pep ef 


Minimum Setup Times, ts * 
B/D or U/D 


Maximum Clock Input Frequency, fo, 


9eCS- 2740I1RI 


Fig. 14 — Quiescent-device current test circuit. 


WwW —_ 
BOREESEEAECREEEEREER 


Input Capacitance, Cin 


250_ 
120 ] 
a 
280 | 
130 _ 
95 | 
100 | 
[50 | 
Ka 
| 90 | 
a5 | 
em 
= 
a 
Ly 
170 
ee 
= 
F: 


ie 
on 
UD 

= 


Preset Enable 


fs ee Delay Time: tpHL. tPLH 100 | 200 | 
— | 80 | 160_ 
Carry Output | 145 | 290 | 
| 105 | 21 INPUTS OUTPUTS 
| 65 | 130 | us ; 
Minimum Preset Enable Pulse Width, ty . 
IL 
| 25] 50 | ; 
7 NOTE 
Minimum Preset Enable Removal 100 | 200 | Vee TEST ANY COMBINATION 
Time, ea OF INPUTS 
92CS-27441R!) 
Fig. 15 — Input voltage test circuit. 
Propagation Delay Time: tpHL. tPLH 170 
Carry Output | 70 | 140 | 
Min. HOLD Time | 25] 50] 1s 
tH*** Carry In 
ns Yoo 
Min Set-Up Time 100 | 200 | 
1""™ Carry In INPUTS 
MEASURE tNPUTS 
°° (<) SEQUENTIALLY, 
Vss TO BOTH Yoo AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vsg- 
* From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. Vsg 


** if more than one unit 1s cascaded in the parallel clocked application, t-CL should be made less than or 
equal to the sum of the fixed propagation delay at 15 pF and the transition time of the carry output 
driving stage for the estimated capacitive load. This measurement was made with a decoupling capacitor 
(>1 WF) between Vop and Vgg- ***E rom Carry In to Clock Edge 


92CS- 27402 


Fig. 16 — Input current test circuit. 
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“PARALLEL CLOCKING” 


UP/DOWN arenes 
PRESET , 
ENABLE 
UP/D PE J) Jo Jz 4 yy Jo Jz dq UP/D PE Jj Jo Jz Jag 
cD4029 (ome CI cd40e29 T 
B/D CL Q; Qo Q3 Q4 CL 9; Q2 Q3 Q4 B/D CL Q Qo Q3 Qq 
CLOCK —< 
BINARY/ 
DECADE ee 
* CARRY OUT lines at the 2nd, 3rd, etc., stages may have a negative-going glitch 
pulse resulting from differential delays of different CD4029B IC's. These negative. 
going glitches do not affect proper CD4029B operation. However, if the CARRY OUT 
signals are used to trigger other edge-sensitive logic devices, such as FF’s or counters, 
the CARRY OUT signals should be gated with the clock signal using a 2-input OR gate 
such as CD4071B. 
“RIPPLE CLOCKING “ 
UP/DOWN —————_____ sa 
PRESET = 


_ a Zz | 


UP/D PE J Jo Jz Ug 
OCI. cp4o029 t0.10 


B/D CL Q; Qp Q3 Q 


BINARY/ 
DECADE 


B/D CL Q, 


Ripple Clocking Mode: 


Qo O3 Q4 


1/4 CD4071B i> 1/4 CD 4071B 92CL- 28676Ri 


CD4029 


Q) A 3 % 


The Up/Down control can be changed at any count. The only restriction on changing 
the Up/Down control is that the clock input to the first counting stage must be high. 
For cascading counters operating in a fixed up-count or down-count mode, the OR 
gates are not required between stages, and CO is connected directly to the CL input of 


the next stage with Cl grounded. 


Fig. 17 — Cascading counter packages. 
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Dts a 
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Lang 
(0.102- 0.250) 


o— 


105-113 
(2 667- 2.870) 


Dimensions and pad layout for CD40298. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~%3 inch). 


70 80 90 100 108 


(2.134-2.336) 
| 
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The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4030B Types 


CMOS 
Quad Exclusive-OR Gate 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4030B types consist of four in- 
dependent Exclusive-OR gates. The CD4030B 
provides the system designer with a means 
for direct implementation of the Exclusive- 
OR function. 


The CD4030B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 


= Medium-speed operation—tpyy; , tp, = 65 ns (typ.) at 
Vpp = 10 V, C, = 50 pF 

= 100% tested for quiescent current at 20 V 

= Standardized, symmetrical output characteristics 


@5-V, 10-V, and 15-V parametric ratings 


® Maximum input current of 1 WA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 
® Noise margin (over full package-temperature 
range): 
1V at Vpp = 5V 
2 Vat Vpp= 10 V 
2.5 V at Vpp = 15 V 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 
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CD4030B 
FUNCTIONAL DIAGRAM 


Applications: 


® Even and odd-parity generators and checkers 
® Logical comparators 

® Adders/subtractors 

® General logic functions 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY -VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vea Terminal): .vccasccaunecesneees cseesdiseacdssaseeenneess -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 
BC TIPUT CURRENT, ANY ONE INEUT <ccesssasiecneerseedscctesoiwaeravewnaveondaecce 04 +10 mA 


Cd 


POWER DISSIPATION PER PACKAGE (Pp): 
For T, = -40 to +60°C (PACKAGE TYPE E) 
For T, = +60 to +85°C (PACKAGE TYPE E) 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K) .. 


For Tp = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A 
OPERATING-TEMPERATURE RANGE (Tg): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE (T stg) 
LEAD TEMPERATURE (DURING SOLDERING): 


C0 0.6.10 0 6 0:16 0:6 0 6 6 0 Fe OO OOOO COO 8 648 6 6K OO 6 0 0 8 60 4 8 4 0 


OUTS TTT ESOC ESE EEE 866 CE CDESC Ce CBs 


= FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


CO CCS CS HEE OSS EEC HS 6 FD OOo CHF O66 06 66 00 6 oS 6 6 CO 6 0 8 0 S16 


| 


CREECH HE CCC THK EHTC HOKE KTH SO HO DEO « 


S08 66 OE ESS 8 LS OT OO O16 Oe w 8 GO 0 6) 02 :w 6 0-6) 6: 6 ow 6 Ke 


500 mW 


500 mW 


CVO T KTS WE Ow oe ee wee © 


-55 to +125°C 
-40 to +85°C 
-65 to +150°C 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S max. ...............0 0000s +265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 


CHARACTERISTIC 


Yoo 


2(5,9,12) 


*inputs PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 


Yss 
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LIMITS 


e 


J 
"pom. 10,10 TRUTH TABLE FOR ONE OF 
. FOUR IDENTICAL GATES 


HIGH LEVEL 
LOW LEVEL 


Fig. 1 — Schematic diagram (1 of 4 identical 
gates). 


TERMINAL DIAGRAM 
Top View 


TOP VIEW 


92CS-24473RI 
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Fig. 5 — Minimum output high (source) current 
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AMBIENT TEMPERATURE (TAa)* 25°C 
Fig. 2 — Typical output low (sink) current 


Fig. 3 — Minimum output low (sink) current 
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Fig. 4 — Typical output high (source) current 
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LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS 


Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E —— 
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AMBIENT TEMPERATURE (Ta)#25°C 4 
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Fig. 6 — Typical transition time as a function of 
load capacitance. 
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Fig. 7 — Typical Propagation delay time as a function 
of load capacitance. 
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PROPAGATION DELAY TIME (tpy..tpLH)—ne 
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Fig. 8 — Typical propagation delay time asa function 
of supply voltage. 


LOAD CAPACITANCE (C, )= 50 pF 
- ern! 15 pF 


POWER DISSIPATION (Pp)—»W 
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INPUT FREQUENCY (f1)— kHz 
Fig. 9 — Typical dynamic power dissipation as a 
function of input frequency. 
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Yss 
92CS- 27401Ri 


Fig. 10 — Quiescent-device current 
test circuit. 


INPUTS 
NOTE 


MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vpp AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vgs 


Vss 


92C5 27402 


Fig. 12 — Input-current test 
circuit. 


iG 


| 753-1. 955) | 


Yoo 
INPUTS OuTPUTS 
Vin 
i ul 
° - 
Vin 1 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-2744)R! 


Fig. 11 — Input-voltage test 
circuit. 


92CS- 30055 


Fig. 13 — Dynamic power dissipation test 
circuit. 


92CS-35057 


Dimensions and pad layout for CD4030BH. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a Chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CMOS 64-Stage 
Static Shift Register 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4031B is a static shift register 
that contains 64 D-type, master-slave flip- 
flop stages and one stage which is a D-type 
master flip-flop only (referred to as a 1/2 
stage). 


The logic level present at the DATA input is 
transferred into the first stage and shifted 
One stage at each positive-going clock transi- 
tion. Maximum clock frequencies up to 
12 Megahertz (typical) can be obtained. Be- 
cause fully static operation is allowed, infor- 
mation can be permanently stored with the 
clock line in either the low or high state. The 
CD4031B has a MODE CONTROL input 
that, when in the high state, allows operation 
in the recirculating mode. The MODE CON- 
TROL input can also be used to select be- 
tween two separate data sources. Register 
packages can be cascaded and the clock 
lines driven directly for high-speed qperation. 
Alternatively, a delayed clock output (CLp) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan-out and transition-time requirements. A 
third cascading option makes use of the Q’ 
output from the 1/2 stage, which is available 
on the next negative-going transition of the 
clock after the Q output occurs. This delayed 
output, like the delayed clock CLp, is used 
with clocks having slow rise and fall times. 


The CD4031B types-are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY -VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vss Terminal) ........... 
INPUT VOLTAGE RANGE, ALL INPUTS ........... 
DC INPUT CURRENT, ANY ONE INPUT ........... 


POWER DISSIPATION PER PACKAGE (Pp): 


For Ty, = -40 to +60°C (PACKAGE TYPE E) ...... 
For T, = +60 to +85°C (PACKAGE TYPE E) ...... 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ty = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .........-..+.-+-. 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D, FRY cicccsvetssseane seas 


sete Se di atonal wd Niels Gastencnts cis ete miata stare oe 500 mW 


ihn Puiahe evel G ebb Bina teaie agers ois aeicla sears -55 to +125°C 


CD4031B Types 


Features: 


& Fully static operation: DC to 12 MHz typ. @ Vpp-Vss 
=15V 


® Standard TTL drive capability on Q output 
CONT 


® Recirculation capability RECIRC , 
DATA2 
™ Three cascading modes: IN 


Direct clocking for high-speed operation 
Delayed clocking for reduced clock drive requirements 
Additional 1/2 stage for slow clocks 


# 100% tested for quiescent current at 20 V 
® Maximum input current of 1 uA at 18 V 
over full package-temperature range; 100 nA 
at 18 V and 25°C 
® Noise margin (over full package-temperature 
range) 
1VatVpp =5V 
2 V at Vpp = 10 V 
2.5 V at Vpp = 15 V 
# 5-V, 10-V, and 15-V parametric ratings 
@ Meets all requirements of JEDEC Tenta- 
tive Standard No. 13A, “Standard Specifi- 


cations for Description of ‘B’ Series CMOS 
Devices”’ 


DELAYED 
CLOCK 
Vss* 8 


NC = 3,4,11,12, 13,14 92CS - 29039R! 


FUNCTIONAL DIAGRAM 


BIT INTO 
po 
Le 
Applications: Ce 
ae 


@ Serial shift registers 
® Time delay circuits 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 

operation is alwavs within the following ranges: 


LIMITS 
CHARACTERISTIC 


(Min. [_Max.|UNITS 
Supply-Voltage Range 


(For T a=Full Package- 
Temperature Range) 


TRUTH TABLE FOR OUTPUT FROM Q’ 
(TERMINAL 5) 


0 = LOW LEVEL 
NC = NO CHANGE 


1 = HIGH LEVEL 
X = DON’T CARE 


shel ni iew Gus, atts AGE Sanarasb nn G1 Gow Ate Ge On Shes -0.5 to +20 V 
seadee ot adana dae di tne brs Shade tae ana -0.5 to Vpp +0.5 V 
Sreceeabsdeilevanal eyei aioe eva dta weaves areateaps ara OGG +10 mA 


RECIRCU - 


MODE CONTROL 
Clo 


| 

2 
3 
4 
5 
6 
T 
8 


TOP VIEW 


PACKAGE TVPE© ica eiaws cab weew he beience co pee seebeleannes tndeaeketsecedeusnasss ~40 to +85°C NC* NO CONNECTION 
STORAGE TEMPERATURE RANGE (Tgtg) ...----+--ccecceee cece ener eee eeeeeneeees -65 to +150°C ie iisiiadis 
LEAD TEMPERATURE (DURING SOLDERING): TERMINAL ASSIGNMENT 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. .......... cee eee ee eee +265°C 
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CD4031B Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85, Apply to E Package 


SSEStSa8¢s083 
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Output Voltage: 
High-Level, 
VOH Min, 
Input Low 
Voltage 
Vit Max. 
Input High 
Voltage, 
Vip Min. 
Input Current 
in Max. 
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+0.1 +0.1 +] 


DATA | IN 


* 


MODE CONTROL 


63 IDENTICAL 
STAGES 
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Fig. 1 — Logic diagram. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-24318R3 


Fig. 2 — Typical output low (sink) 
current characteristics (Q sink 
current = 4X ordinate). 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 


eeseausace 

15 

DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
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Fig. 3 — Minimum output low (sink) 
current characteristics (Q sink 
current = 4X ordinate). 


DRAIN- TO-SOURCE VOLTAGE (Vps)—v 
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Fig. 4 — Typical output high (source) 
current characteristics. 


DRAIN~-TO-SOURCE VOLTAGE (Vps)—V 


92CS-2432iR2 
Fig. 5 — Minimum output high (source) 
current characteristics. 
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CD4031B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input t,.t¢ = 20 ns, 
Cy = 50 pF, Ry = 200 kQQ 


AMBIENT TEMPERATURE (Tg)=25°C { 
tPHL.tpLH- CLOCK TO @ : 
tprp ~CLOCK TO Q 


ttt+ roe tHe bor gderebdogbobe svete cer 
+++ eho ds 


HeeF ore seep ere pecceheces 


CHARACTERISTIC reg RIG he mre nse a 


eo a 


Propagation Delay Time: 
Clock to Q, tpy,, tery; 
Clock to Q, tpy y 


Clock to Q’, tpHL. tpLH: 
Clock to Q, tpyy,. 


Fete Hees esta ides tee bvveee eet 
7 trot Da (pr 
HTH et hes ct ite 
tii4 + I tty eee db beg Ce eet 1 o:6 6 
Seeeaed sess aeeses fUeti ETH peat aiRettes 
t tty tetoretboogeb bees 
20 40 60 80 100 
LOAD CAPACITANCE (Cr Y-pF g2¢5-30254 


ea Gala 
oe 
re 


Clock to Clo Fig. 6 — Typical propagation delay time as a function 


of load capacitance (see table). 


Transition Time, tryt. tTLH 
(Any Output, except Q, try ) 


AMBIENT TEMPERATURE (Ta )= 25° 
tpHLst pL CLOCK TO Q 
tpy_~CLOCK TO Q 


reee be bos 


PHL: tPLH)~ ns 


peer tree 


+t 


AGE (Vop)* 5V 52: 


Minimum Data Setup Time, ts 


+e? 


fa 
zi a 
agegessasstesesesss 


Minimum Data Hold Time, ty 


PROPAGATION DELAY TIME (t 


| 

a sesaessiseeer7 ==> 

a = --- = sennneneas sees SOnnehesesseee- = 

Em tases cons ssct secs. scsssssssmQpeessesiseei ssecs 

w HHT i 

eMatiiuaiteaiiiestiee 3 : 

=. e eee C] LJ 
te} 20 40 6 80 100 

LOAD CAPACITANCE (CL}-pF 92CS- 30255 


Minimum Clock Pulse Width, ty 


Fig. 7 — Typical propagation delay time as a function 
of load capacitance (see table). 


Maximum Clock Input Frequency, 
fo,** 


Clock Input Rise or Fall Time, 
TCL tecL* 


Input Capacitance, Cjjy 
(Any Input) 


"If more than one unit is cascaded in the parallel clocked application, t,;CL should be made less than or 
equal to the sum of the propagation delay at 50 pF and the transition time of the output driving stage. 
**Maximum Clock Frequency for Cascaded Units; 
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a) Using Delayed Clock Feature in Recirculation Mode: 
1 


f  — where rn = number of packages 
wee (nel) CLp prop. delay + Q prop. delay + set-up time 
b) Not Using Delayed Clock: 2 LOAD CAPACITANCE (CLI— pF 
92CS -24322 
f = ee Fig. 8 — Typical transition time as a function of 
max propagation delay + set-up time load capacitance (except Q, t ry, ). 
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CD4031B Types 


? (Ta)* 25°C 
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10 100 1K 10K 
LOAD CAPACITANCE (C, )~pF 92CS-30256R! CLOCK INPUT FREQUENCY (fc,)—kHz 92¢5-30257R1 
5 : ss : : F : d ae ; = Vgs 92CS-30258 
Fig. 9 — Typical transition time as a function of Fig. 10 — Typical dynamic power dissipation as a fer 
A . ° [PGs Pp ._— 
load capacitance (Q, t 744, ). function of clock input frequency. NOTE RGN St gL mare ® og 


Fig. 11 — Dynamic power dissipation test circuit. 
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CLOCK DRIVER 


MODE CONTROL Vop = RECIRCULATION 
GND = NEW DATA 


92705 - 29063 


Vss 
92CS-274CIRI 


Fig. 12 — Cascading using direct clocking for high-speed operation 
(see clock rise and fall time requirement). 


Fig. 13 — Quiescent-device- 
current test circuit. 


Voo 00 
DATA 
Q INPUTS 
MODE 
CONTROL Voo NOTE: 
a @) MEASURE INPUTS 
RECIRC ° SEQUENTIALLY, 
= IN ___ CLOCK Vss TO BOTH Vo AND Vss: 
DRIVER CONNECT ALL UNUSED 
INPUTS TO EITHER 
DELAYED atom - a a 
CLOCK Dp OF Vss 
TO CLOCK (1/2 -CD40138) * FOR RECIRCULATION MODE ONLY MODE CONTROL Vpp = RECIRCULATION Vss 
NEW oAe. D ok FF TO DELAY DATA UNTIL GND = NEW DATA 
REGISTER Fr * FIRST REGISTER DELAYED CLOCKING 92CS- 27402 
HAS OCCURRED. 
+ SO | CL 92CS -29062R 
Fig. 15 — Input-leakage current. 
Fig. 14 — Cascading using delayed clocking for reduced clock drive requirements. 
Yoo 
f ‘0 
INPUTS OUTPUTS 
RECIRC Vix 
IN a, + 
° 
v. Vin 7 
CLOCK DRIVER a 
MODE CONTROL op = RECIRCULATION 
GND = NEW DATA seen eaees Vsg NOTE: 
TEST ANY 
92CS-27441RI COMBINATION 
OF INPUTS 
. . - ' * 
Fig. 16 — Cascading using half-clock-pulse delayed data output (Q) to permit 
use of slow rise and fall time clock inputs. Fig. 17 — Input-voltage test circuit 
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—— 136-144 - — 
(3.454 -3.658) 92CM- 30259RI 
Dimensions and pad layout for CD40318B. 

Dimensions in parentheses are in millimeters and The photographs and dimensions of each CMOS chip 
are derived from the basic inch dimensions as in- represent a chip when it is part of the wafer. When the 
dicated. Grid graduations are in mils (10—3 inch). wafer is separated into individual chips, the angle of 


cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may difter slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CD4031B Types 
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CD4032B, CD4038B Types 


CMOS 
Triple Serial Adders 


High-Voltage Types (20-Volt Rating) 
Positive Logic Adder — CD4032B 
Negative Logic Adder — CD4038B 


The RCA-CD4032B and CD4038B types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in- 
puts. Each adder has provisions for two 
serial DATA INPUT signals and an IN- 
VERT command signal. When the com- 
mand signal is a logical ‘’1’’, the sum is 
complemented. Data words enter the adder 
with the least significant bit first; the sign 
bit trails. The output is the MOD 2 sum of 
the input bits plus the carry from the pre- 
vious bit position. The carry is only added 
at the positive-going clock transition for the 
CD4032B or at the negative-going clock for 
the CD4038B, thus, for spike-free operation 
the input data transitions should occur as 
soon as possible after the triggering edge. 


The CARRY is reset to a logical ‘’0’’ at the 
end of each word by applying a logical ‘’1” 
signal to a CARRY-RESET input one-bit- 
position before the application of the first 
bit of the next word. 


The CD4032B and CD4038B types are sup- 
plied in 16-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and inchip 
form (H suffix). 


CD4032B, CD4038B 
TERMINAL DIAGRAM 


SUM 3 
INVERT 3 
CLOCK 

SUM 2 
INVERT 2 
CARRY RESET 
INVERT | 
Vss 
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4 
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eee 92CS-24474RI 
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Ay 
8; 
INVERT , 


Features: 

® Invert inputs on all adders for sum complementing 
applications 

® Fully static operation. 
@ Vpp = 10 V 

® Single-phase clocking 

@ Standardized, symmetrical output characteristics 


® 100% tested for quiescent current at 20 V 
# 5-V, 10-V, and 15-V parametric ratings 
® Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (over full package-tempera- 
ture range) 
1 Vat Vpp =5V 
2 Vat Vpp= 10V 
2.5 Vat Vpp = 15 V 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


dc to 10 MHz (typ.) 
INVERT 

Ce 

CARRY RESET 


VSS 78 
Yoo *!6 


CD4032B, CD4038B 
FUNCTIONAL DIAGRAM 


Applications: 

® Serial arithmetic units 

® Digital correlators 

® Digital datalink computers 

® Flight control computers 

8 Digital servo control systems 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY -VOLTAGE RANGE, (Vpp) 


(Vollages referenced 16 Ves TSEFmingl) 90,6000: 5 i0s conan scenesdsnen sad ed eed ky aaesaws -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS oisdccdccdviwwceuaaeduedeandiadeaseen oxee -0.5 to Vpp +0.5 V 
OG INPUT CURRENT, ANY ONE INPUT ucscivasccrvccessesandasobetuareeeees<esas eeieuns +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = -40 to +60°C (PACKAGE TYPE E) .........ccccsecencccncccncscscesescscecesens 500 mW 

For T, = +60 to +85°C (PACKAGE TYPE E) ............... Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) ......cccsscccscscncsccnseceescecneees 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) ....... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...............04- 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE [treo ULF, Bolt cicaeeinnes0$ 9540340 bnasdpidben ties Bakedeteieinenss -55 to +125°C 

PACKAGE Ttre © act aciicater statutes ds eeceeeeean isan tiactids des sees eaneeaencees -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tog) ..-..-- 00s eeee eee cece eee e eee e eee ene en ees -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. .......... cece eee eee +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta, = 25°C, Unless Otherwise Specified 


For maximum reliability, nominal operatirig conditions should be selected so that operation 
is always within the following ranges. 


Clock Input Frequency, 


Clock Input Rise or Fall Time, 


Data Input Set-Up Time, 
Clock to A or B Inputs 


92CS-17663 


CD4032B, CD4038B Types 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply to E Package 
+25 
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Fig.2 — CD4032B timing diagram. 
Vss 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NET WORK 


92CM-29082R2 


Fig.1 — CD4032B logic diagram of one of three serial adders. 
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CD4032B, CD4038B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at lA 25°C, Input tp, t¢ = 20 ns, 
Cy = 50 pF, Ry = 200 kQ 


CHARACTERISTIC TEST CONDITIONS LIMITS 


A 


Propagation Delay Time: tpy_, tp y 
A,B, Carry Reset, or Invert Inputs to 
Sum Outputs 


Clock Input to Sum Outputs 


Transition Time: try, tTLH 


Minimum Data Input Setup Time, tsy 
Clock to A or B Inputs 


* If more than one unit is cascaded CCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


* 
INVERT, 


* 
RESET 


Vgs 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


92CM-29083RI 


Fig. 3? — CD4038B logic diagram of one of three serial adders. 


WORD : + WORD 2 


a -WORD 3+WORD 4 i 


RESET 


7 BPPrre ee | 
INVERT 
A 

SUM a 

. ~~ TRUE SUM pHs COMPLEMENTED SUM + 
WORD | 1.000011 =-6! WORD 3 0.0100100 = +36 
WORD 2 11001101 =-5! WORD 4 0.011000! =+49 

10010000 =-112 0.101010! =+85 
92CS-I91Zi RI 


Fig.4 — CD4038B8 timing diagram. 
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Fig. 5 — Typical output low (sink) current 
characteristics. 


_. 
HHH 


HH a 
‘cae HE 
HU 


ORAIN- TO- seule VOLTAGE (Vps)—V 


9205 2451981 


Fig. 6 — Minimum output low (sink) current 
characteristics. 
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Fig. 7 — Typical output high (source) current 
characteristics. 
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Fig. 8 — Minimum output high (source) current 
characteristics. 
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siistsutotectoct Hen seeces } | 
ie} 20 80 100 2 466! 2 468',2 468', 2 468' 2 4 68 
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= 44 — 
CLOCK INPUT FREQUENCY (fc,)— kHz 9. a3, 


0 20 0 92CS- 24322 


LOAD CAPACITANCE (C,_)— pF ‘ a eae 
L Fig. 11 — Typical dynamic power dissipation as a 


Fig. 10 — Typical propagation delay times as a ; 
9 dahil thea v function of clock input frequency. 


function of load capacitance (A, B, 
carry reset or invert to SUM). 


Fig. 9 — Typical transition time as a function of 
load capacitance. 


v 
D0 op 
INPUTS OUTPUTS INPUTS 
Vie: Voo NOTE 
x ce Ss MEASURE INPUTS 
5 : ° SEQUENTIALLY 
vit. Vss TO BOTH 
i Voo AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
t y NOTE Von Of Veg 
Ves Veg TEST ANY COMBINATION v 
OF INPUTS = 
PGi: fo. 
PG 2e—ck 92CS-30342 Penner a 
Fig. 12 — Dynamic power dissipation test Fig. 13 — Input voltage test circuit. ED = ene eee ante 
circuit. 


Voo 


INPUTS 


alt 


99-107 
(2.515- 2.717) 


TAIO205 


Vss 
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Fig. 15 — Quiescent-device current test circuit. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils ( 10-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance F ; . 3 
of —3 mils to +16 mils applicable to the nominal Dimensions and pad layout for CD4032BH; dimensions and pad layout for 
dimensions shown. CD4038BH are identical. 


ce ai 
(0.102-0.254) 
70-78 


(1.778- 1.981) 
92CM- 30343 
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CD4034B Types 
CMOS 8-Stage Static 


Bidirectional Parallel/Serial 
Input/Output Bus Register 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4034B is a static eight-stage 
parallel-or serial-input parallel-output regis- 
ter. It can be used to: 


1) bidirectionally transfer parallel informa- 
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu- 
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single-phase CLOCK 
(CL), ADATA ENABLE (AE), ASYNCHRO- 
NOUS/SYNCHRONOUS (A/S), A-BUS-TO- 
B-BUS/B-BUS-TO-A-BUS (A/B), and PAR- 
ALLEL/SERIAL (P/S). 


Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (3-state outputs) and the B data lines 
are Outputs (inputs) depending on the signal 
level on the A/B input. in addition, an input 
for SERIAL DATA is also provided. 


All register stages are D-type master-slave 
flip-flops with separate master and slave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering. 


PARALLEL OPERATION 


A high P/S input signal allows data transfer 
into the register via the parallel data lines 
synchronously with the positive transition 
of the clock provided the A/S input is low. 
If the A/S input is high the transfer is in- 
dependent of the clock. The direction of 
data flow is controlled by the A/B input. 
When this signal is high the A data lines are 
inputs (and B data lines are outputs); a low 
A/B signal reverses the direction of data flow. 


The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 


Data storage through recirculation of data in 
each register stage is accomplished by mak- 
ing the A/B signal high and the AE signal 
low. 


Applications: 


= Parallel Input/Parallel Output, 
Parallel Input/Serial Output, 
Serial Input/Parallel Output, 
Serial Input/Serial Output Register 


Shift right/shift left register 

Shift right/shift left with parallel loading 
Address register 

Buffer register 

Bus system register with enable parallel 
lines at bus side 

Double bus register system 

Up-Down Johnson or ring counter 
Pseudo-random code generators 
Sample and hold register (storage, 
counting, display) 

® Frequency and phase comparator 


SERIAL OPERATION 


A low P/S signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in- 
put is internally disabled when the register is 
in the serial mode (asynchronous serial opera- 
tion is not allowed). 


The serial data appears as output data on 
either the B lines (when A/B is high) or the 
A lines (when A/B is low and the AE signal 
is high). 


Register expansion can be accomplished by 
simply cascading CD4034B packages. 


The CD4034B types are supplied in 24-lead 
dual-in-line ceramic packages (D and F suf- 
fixes), 24-lead dual-in-line plastic packages 
(E suffix), 24-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY -VCOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ............. 
INPUT VOLTAGE RANGE, ALL INPUTS ........0004% 
DC INPUT CURRENT, ANY ONE INPUT ............. 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = -40 to +60°C (PACKAGE TYPE E) ........ 
For T, = +60 to +85°C (PACKAGE TYPE E) ........ 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


STEERING 
LOGIC 


yn 
uJ 
= 
4 
<a 
e 
a 
Q 
a 


B DATA LINES 


92CS-29108 
Functional Diagram 


Features: 


Bidirectional parallel data input 
Parallel or serial inputs/parallel outputs 


Asynchronous or synchronous parallel 
data loading 


Parallel data-input enable on “‘A”’ data 
lines (3-state output) 


Data recirculation for register expansion 


= Multipackage register expansion 


Fully static operation dc-to-10 MHz (typ.) 
at Vppb =10V 


Standardized, symmetrical output 
characteristics 


100% tested for quiescent current at 20 V 
5-V, 10-V, and 15-V parametric ratings 
Maximum input current of 1 uA at 18 V 


over full package-temperature range; 
100 nA at 18 V and 25°C 


Noise margin (over full package-temperature 
range): 

1 Vat Vpp =5 V 

2 Vat Vpp =10V 

2.5 V at Vpp =15V 

Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


paper tashia aa anes aya a) adie wb aeadue onaanae -0.5 to +20 V 
PE ECE TCR ee Tees eee -0.5 to Vpp +0.5 V 
siSuale Austin U <n Sin o aie aise hae ate eh la arate exes +10 mA 
Satu sist tes Gite, Gua ah aicos ite ce psar'os dates uses ies ole tectote 500 mW 


a iercaha i avec fxd bts lata el olet a ane alins hae eveens tees ao 500 mW 


For T A> FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................. 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PAGRAGE TYPGe FR ccant des iuaweketenncceusavnss on eeeueeeeaneweneeukenes -55 to +125°C 

PACKAGE UVP E © ig ececcyedudtacedsdeeneeietensécsnbiese order inacretenans sha bened -40 to +85°C 
STORAGE TEMPERATURE RANGE (Totg) .----- 0s sees eee eee rete eee e tence ee ees -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ............. ce eee eee +265°C 
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CD4034B Types 


RECOMMENDED OPERATING CONDITIONS at Ty, = 25°C, Except as Noted. “a” OR"B" 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC “win, | Wax 
Supply-Voltage Range (For T, = Full Package- 3 18 Vv 
Temperature Range) 


Data Setup Time, ts 5 160 
Serial Data to Clock 


INPUTS 


OUTPUTS 


92CS-20077 


Fig. 2 — Asynchronous operation propagation 
delay time and transition time. 


Parallel Data to Clock 


Clock Pulse Width, ty 


Clock Input Frequency, fey 
15 


Clock Input Rise or Fall Time, tpCL, teCL* 5,10, 15 


“If more than one unit is cascaded t,CL should be made less than or equal to the sum of the transition time 


* wan tow A 
j j ivi j iti INPUT REFERS TO ANY OF THE “A OR B DATA INPUTS, A ENABLE, 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. SERIAL INPUT, A/B, P/S, OR A/S INPUTS 


oy AND tsH_ ARE SET-UP TIMES 


OUTPUT ol is oe os 


92C5-20078 


z 


* F ° 
aBO > 4 > \>° 1 Fig. 3 — Synchronous operation propagation 
delay times, transition times, and 


> | > rd > e set-up times. 
M 
Db 
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P/S. 
* 
P/S C) » ee 
e. CLs O 
* S. 
A/SC) i 2 a: 
oe ae coe PLLA LLL ne 
T+  «* Bi a 
e CL INPUTS PROTECTED BY ENABLE 
COS/MOS PROTECTION esML_ 


. NETWORK 
. > a 
CLOCKO = CLM 


9cCS-c9IO9RI 


Fig. 1 — Steering logic diagram. 1 ae ane iece ee erie een ay Eewewe i Se a hr i 
UU seeeeeee toe 
FLIP-FLOP TRUTH TABLE MN cetacean! Leet Meal Le 


| 
| A DATA 
——--————- B DATA LINES ARE OUTPUTS ——-— orl LINES ARE 
UTPUTS 


92CM 19198 


Fig. 4 — Timing diagram. 


1 = High Level 0 = Low Level X= Don’t Gare 
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CD4034B Types 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply toD, F, K,H Packages 
Values at —40, +25, +85 Appiy to E Package 
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Fig. 8 — Minimum output high (source) 
current characteristics. 
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Fig. 9 — Typical transition time as a function 
of load capacitance. 
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Fig. 5 — Typical output low (sink) 
current characteristics. 
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Fig. 7 — Typical output high (source) 
current characteristics. 
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CD4034B Types 


108 . 
ONE OF EIGHT S1aGES | AMBIENT TEMPERATURE. (Ta )# 25°C 


—— C,7 50 pF 
PROTECTION NETWORK --—C, = 15 pF 
ON ALL "A" AND "B" 

DATA INPUTS 
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CLOCK FREQUENCY (fo .)— kHz 
92CS- 30153 


Fig. 12 — Typical dynamic power dissipation 
as a function of clock frequency. 


Vss 
PROTECTION NETWORK | - 
ON SERIAL DATA INPUT Q (TO NEXT STAGE D) 


92CM- 29110R2 


Fig. 11 — Register stage logic diagram (1 of 8 stages). 


TRUTH TABLE FOR REGISTER INPUT-LEVELS AND 
RESULTING REGISTER OPERATION 


92CS-30154 
AIS Operation* Fig. 13, — Dynamic power dissipation 
Xx 


i 7 test circuit. 
Serial Mode; Synch. Serial Data Input, “A” Parallel Data Outputs eon Mere 
Disabled 


Mode; Synch. Serial Data Input, ‘’B’’ Parallel Data Output 


Parallel Mode; ‘‘B’’ Synch. Parallel Data Inputs, *‘A’’ Parallel Data : 
Outputs Disabled 
Parallel Mode; ‘’B’’ Asynch. Parallel Data Inputs, ‘’A’’ Parallel Data 
Outputs Disabled 


Parallel Mode; ‘‘A”’ Parallel Data Inputs Disabled, ‘’B’’ Parallel Data 
Outputs, Synch. Data Recirculation 


INPUTS 


° 
Vss 


Vss 
92CS- 2740IRI 


Fig. 14— Quiescent-device-current test circuit. 


Parallel Mode; ‘’B” Asynch. Parallel Data Input, ‘‘A’”’ Parallel Data 


Vv 
Output DD 
Parallel Mode; ‘‘A” Synch. Parallel Data Input, ‘’B’’ Parallel Data INPUTS 
Yoo NOTE: 
“uae eee MEASURE INPUTS 
Parallel Mode; ‘‘A” Asynch. Parallel Data Input, ‘’B” Parallel Data ae One SEQUENTIALLY, 
Vss TO BOTH Vop AND Vss- 
ee taal CONNECT ALL UNUSED 
‘Outputs change at positive transition of clack in the serial mode and when the A/S control input is ‘“‘low” a. EITHER 
in the parailel mode. During transfer from parallel to serial operation A/S should i a 
remain low in order to prevent Dg transfer into Flip Flops. Vss 
92CS-27402 
1 = HIGH LEVEL O= LOW LEVEL xX = DON'T CARE 


Fig. 15 — Input-current test circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at 7, = 25°C; Input t,,t¢ = 20 ns, 


Voo 
C, =50pF,R, = 200 kQ 
INPUTS OUTPUTS 
Vin 
i “e 
Propagation Delay Time, tpHL- tPLH | Vit i” 
A(B) Parallel Data In to 
B(A) Parallel Data Out \ Ort s aadcemamiriod 
Serial to Parallel Data Out ae OF INPUTS 
C3 . 92CS-2744IR) 
3-State Propagation Delay Time, _tp,_7, tpyyz. Fig. 16 — Input-voltage test circuit. 
A/B or AE to “A” OUT tp7 L: tp2H 
Applications 
Yoo Yoo 


Transition Time, tTHL- tTLH 


See 
A PARALLEL 
DATA 


i. J 

A PARALLEL 
SI DATA 
AB 


4034 
ays 2403 


8 PARALLEL 
CL "DATA 
- =< 


Yoo 


4034 
A/S C0403 


Minimum Data Setup Time, 
Serial Data to Clock 


B PARALLEL 
DATA 


7 r= 


Parallel Data to Clock P/S 


92CS-19206RI 


Minimum High-Level Pulse Width, Fig. 17 — 16-bit parallel in (parallel out, 
AE. P/S. A/S parallel inerial out, serial in/ 
‘ ‘ parallel out, serial in/serial out 
register. 


Maximum Clock Frequency, "a" ENABLE 


Minimum Clock Pulse Width, tw 


A/B 
C04034 
A/S 


“B PARALLEL 
L DATA 


c 
P/S / S 


c 
P/S/  ——\ 


“eB” PARALLEL 
t DATA 


Input Capacitance, (Any Input) Cin 


*If more than one unit is cascaded, t, CL should be made less than or equal to the sum of the transition time se 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 92cs -19208R 
Fig. 18 — 16-bit serial in/gated peralle/ out 
DOUBLE - BUS SYSTEM register. 


(ENABLE INPUTS ON BOTH SIDES) 


[ fe ee ge ee ==" 
| | P/S 
| | | | 
| MEMORY . 2 
| aaa : ‘ TO 2nd 
| “8 8 SYSTEM 
5 5 
| 6 6 
| 7 CD4034 CD4034 > 
| 8 A, A 8 
Ls ee ee _| A/B A/S st B® SCL 
7 oe ee 71 A/B A/S A/B A/S CL _ ~~ 
| P/S | } 
| | | 
: ; 2 | 
3 | 
| PERIPHERAL : Z REG 4 ARITHMETIC | 
UNIT ' B UNIT 
| 5 ; l 
| : C04034 CD4034 . | 
7 7 | 
| a 8 | 
ee J eer _| 
The ‘‘A"’ enable (AE) and A/B signals contro! all 
combinations of transfer between the registers piety abu-ierk 
(SINGLE) 
and bus systems. Fig. 19 — Single- and double-bus systems. 


162 


SHIFT LEFT OUTPUT 


CD4034B Types 


" ENABLE a = rs = 
§ AE AE \———— A PARALLEL DATA —--~ ~ 
SHIFT Gees : seats SERIAL 
LEFT/ a ay 7 iis tuciete ee — 
SHIFT = 7 se fcerctecirneoenosteseieete ape 
Siar =———"0" PARALLEL DATA — A’PARALLEL DATA “D0 
RIS CD4034 

| ne vee SHIFT RIGHT 

4 OUTPUT 

SHIFT BERGRSRGRERED y TTA cLock 
RIGHT = AE | 8 1 


8 


53 | 
LS 1 
~ [tote A/S 
a ce 
A/B | 


8 2 
: J] co4o16 
REG. 2 2 
CD4016 

CD4034 N=|-8 

SERIAL 
OUTPUT 

‘ + N— STAGE SELECTION ~ = 


92CS 19199R1 


SHIFT Pa 
a : Ht PH HEI TH = _ Fig. 21 — N-stage shift register with fixed serial 
-4 ee Vee see ee cL output line. 
= Beavers ae 


| «A PARALLEL 


REG 3 
CD4034 


PERE F 


A “High” (‘‘Low”) on the shift Left/Shift 
Right input allows serial data on the Shift 
Left Input (Shift Right Input) to enter the 
register on the positive transition of the 
clock signal. A “‘high’’ on the ‘‘A’’ Enable 
Input disables the ‘‘A’’ parallel data lines on 
Reg. 1 and 2 and enables the ‘‘A”’ data lines 
on registers 3 and 4 and allows parallel data 


DATA -» 8 AE 


|<— B PARALLEL DATA—*8 


| — A PARALLEL DATA ~» 8 SAMPLE / HOLD 


>| S1 


me 
A/S 


CL 
ze |=e— B PARALLEL DATA—#8 


REG 4 
Vv C094034 
DD SERIAL DATA 
Voo 

A/S 


CD4034 


CLOCK 


7B" PARALLEL DATA 


92CM- 1921 5RI 


into registers 1 and 2. Other logic schemes 
may be used in place of registers 3 and 4 for 
parallel loading. 


When parallel inputs are not used Reg. 3 and 
4 and associated logic are not required. 


P/S 


TO DISPLAY ETC 


Fig. 22 — Sample and hold register—serial/ 
paralle! in—paralle! out. 
* Shift left input must be disabled during parallel 
entry. 


Fig. 20 — Shift right/shift left with parallel inputs. 
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92CS-20744R) 
a | 
TERMINAL DIAGRAM 
99-107 
(2.515 — 2.718) 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


-92CM-30I55RI 


Dimensions and pad layout for CD4034BH. 
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CD4035B Types 


CMOS 4-Stage 
Parallel In/Parallel Out 
Shift Register 


with J-K Serial Inputs and True/ 
Complement Outputs 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4035B is a four-stage clocked 


Features: 


® 4-Stage clocked shift operation 

= Synchronous parallel entry on all 4 stages 

= JK inputs on first stage 

® Asynchronous True/Complement control 
on all outputs 

Static flip-flop operation; Master-slave 
configuration 

Buffered inputs and outputs 

High speed — 12 MHz (typ.) at Vpp = 10 V 
100% tested for quiescent current at 20 V 


4-STAGE REGISTER 


Q,/0, Q2/0> Q3/03 Q4/Q4 
T/C OUT 
92CS- 29054Ri 


signal serial register with provision for syn- 


i ical t 
chronous PARALLEL inputs to each stage Stang sta lgney ey inetncaloutpe 


characteristics 


and SERIAL inputs to the first stage via 
JK logic. Register stages 2, 3, and 4 are 
coupled in a serial D flip-flop configuration 


s 5-V, 10-V,-and 15-V parametric ratings 
@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 


FUNCTIONAL DIAGRAM 


when the register is in the serial mode 


(PARALLEL/SERIAL control low). for Description of ““B’’ Series CMOS 


Parallel entry into each register stage Is per- Devices” Sossccscosscucuascasas 
mitted when the PARALLEL/SERIAL con- H 
trol is high. Applications: 


In the parallel or serial mode information is 
transferred on positive clock transitions. 

When the TRUE/COMPLEMENT control is 
high, the true contents of the register are 
available at the output terminals. When the 
TRUE/COMPLEMENT control is low, the 


® Counters, Registers 
Arithmetic-unit registers 
Shift-left — shift right registers 
Serial-to-parallel/parallel-to-serial 
conversions 


outputs are the complements of the data in 
the register. The TRUE/COMPLEMENT 
control functions asynchronously with re- 


= Sequence generation 
® Control circuits 
= Code conversion 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 


spect to the CLOCK signal. 

JK input logic is provided on the first stage 
SERIAL input to minimize logic require- 
ments particularly in counting and sequence- 
generation applications. With JK inputs 
connected together, the first stage becomes 
a D flip-flop. An asynchronous common 
RESET is also provided. 


The CD4035B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-24318R3 


FIRST STAGE TRUTH TABLE : ; ; 
Fig. 1 — Typical output low (sink) 


current characteristics. 


AMBIENT TEMPERATURE (Ta)#25°C +++ HHH HTH 
a 


1 t,, (OUTPUTS) 


ov —mA 


OUTPUT LOW (SINK) CURRENT (I 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS -24319R1 
Fig. 2 — Minimum output low (sink) 
current characteristics. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY -VOLTAGE RANGE, (Vpp) ORAIN- TO-SOURCE VOLTAGE (Vps)—V 


(Voltages referenced to Vos Terminal) sssiiss cr vevevase cides tee ss cued sd cedenwes suns -0.5 to +20 V sgeceeuasuces 
INPUT VOLTAGE RANGE, ALL INPUTS cd siecdenecewexscenOesandnbeseveeeceane’ -0.5 to Vpp +0.5 V stse GATE-TO-SOURCE VOLTAGE (Vgg)=-5V t 
DG INPUT CURRENT. ANY ONE INPUT soisasssiccecssecacdiinsedanaxevereeeeeaenanances +10 mA A $ 
POWER DISSIPATION PER PACKAGE (Pp): e 4 
Fatt, ©4010 460°C (PACKAGE TYPE ©) cvisacssnvasadaaevaeeusteuereneetenecnnaeweas 500 mw ss s 
For T, = +60 to +85°C (PACKAGE TYPE E) ............... Derate Linearly at 12 mW/°C to 200 mW rH 3 
For'T, = -55 to +100°C (PACKAGE TYPES D, F, KK). ...csccicssstacrnansesenssetioceunsens 500 mW rH = 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) ....... Derate Lineariy at 12 mW/°C to 200 mW as & 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR rH g 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .........--....0+- 100 mW ss g 
OPERATING-TEMPERATURE RANGE (Ta): ss : 
PACKAGE TYPES Di 5K H-avcwenissecesdanendusuccsouubnnedeunneaxdxxewsnetaees -55 to +125°C HH a 
PACA FE Es ciocdey cuss acadsarnncadenarncsoeeaterenenedwewaseunsejavesestas -40 to +85°C Hh 3 
STORAGE TEMPERATURE RANGE (Teta), .2nc2esssnetos savtereweanestear@seinsenns -65 to +150°C <s 
LEAD TEMPERATURE (DURING SOLDERING): nceneiit 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ........ 0. cece eee e es +265°C Fig. 3 — Typical output high (source) 


current characteristics. 
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* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 


P PS PS PS NE T WORK 
| Ht — 
PARALLEL/C > olbinn : me 


SERIAL ) 
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T T T T 
o i) 
n n 
* T T T T 7 
2 L 
TRUE/ S a O—-O 
COMPLEMENT | 15 14 cy 
P/S=O*SERIAL MODE Z = ©) _ Me 
T/C #12TRUE OUTPUTS Ps Q17al Q27Q2 3/05 04/04 


92CL- 29055 


Fig. 4 — Logic diagram. 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 
VppD 
(V) 


CHARACTERISTIC ae UNITS 


Supply-Voltage Range (For T, = Full 
Package- Temperature Range) 


Data Setup Time, ts: 
J/K Lines 


Parallel-In Lines 
Clock Pulse Width, ty 


Clock Input Frequency, fo, 


Clock Rise or Fall Time, t,CL, t¢CL: 


Reset Pulse Width, tw 


TRANSITION TIME (tTHL.tTLH)—ns 


MAXIMUM CLOCK INPUT FREQUENCY (f¢,)—MHz 


CD4035B Types 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
-15 = -5 ie} 


OUTPUT HIGH (SOURCE) CURRENT(LQH)—mA 


92CS-24321R2 


Fig. 5 — Minimum output high (source) 
current characteristics. 


AMBIENT TEMPERATURE (Ta)*25°C 


o 20 40 + #60 80 100 
LOAD CAPACITANCE (C.)— pF 
92CS-24322 


Fig. 6 — Typical transition time as a function of 
load capacitance. 


AMBIENT TEMPERATURE ( Tg )= 25 


CLOCKED OPERATION 44 
obey pat fai 


gsinestse 
si fiae tt 


LOAD CAPACITANCE (C_)— pF 92¢$-30362 


Fig. 7 — Typical propagation delay times as a func- 
tion of load capacitance (Q output). 
AMBIENT TEMPERATURE (Ta)= 25°C 


LOAD CAPACITANCE wat ill 
assez ssesiasetaitetl 


seneeuese 


tH 


SUPPLY VOLTA -vV 
GE (Vop) 92CS$-3036% 


Fig. 8 — Typical maximum clock input frequency 


as a function of supply voltage. 
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CD4035B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC. 
TERISTIC 


CONDITIONS 


Quiescent 
Device 
Current, 

lDD Max. 


Output Low 
(Sink} Current 
IOL Min. 


'OH Min. 


Output Voltage: 
Low-Level, 


Output 
Voltage: 

High-Level, 

VOH Min. 


Input Low 
Voltage 


LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H, Packages 
alues at —40, +25, +85 Apply to E Package 


urn Hich 0.64 -0.42| -0.36 |-0.51 
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Vie Max. 


Input High 
Voltage, 
Vin Min. 


Input Current 
liny Max. 


Voo 
INPUTS OUTPUTS 
Vin 
ig * 
° - 
Viv 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-2744iRI 


Fig. 12 — Input-voltage test circuit. 
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LEFT/RIGHT 
. RIGHT 
SHIFT 
” INPUT 
INPUTS cLock 
Vv 
DD nore TRUE /COMPL: 
ane MEASURE INPUTS 
° SEQUENTIALLY, RESET 
Vss TO BOTH Vpp AND Vgs- 
CONNECT ALL UNUSED gee 
INPUTS TO EITHER Sale T 
Vop OR Vss- OUTPUT 
Vss 


92CS~-27802 


Fig. 13 — Input-current test circuit. 


CLOCK INPUT FREQUENCY ( fe, }— kHz 92CS- 30364 


Fig. 9 — Typical dynamic power dissipation as a 
function of clack input frequency. 


92CS~-30365 


t pge 


(INPUTS 
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Fig. 11 — Quiescent-device current test circuit. 


RIGHT 
SHIFT 
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Fig. 14 — Shift left /shitt right register. 
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CD4035B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ty = 25°C, Input t,, tp = 20ns, C, = 50 pF, Ry = 200 kQ 


TEST 
Or/s CONDITIONS 
ocarry | CHARACTERISTICS 


FORWARD 


<5 
“oO 


CD pi-2 | CLOCKED OPERATION 


Propagation Delay Time: 


() PI- 
_ ‘PHL: tPLH 


O PI-4 


Transition Time: 


Using Couleur’s Technique (BIDEC)“, a ‘THL: 'TLH 
binary number (most significant bit, MSB) 
first is shifted and processed, such that the 
BCD equivalent is obtained when the last Minimum Clock Pulse Width, ty 
binary bit is clocked into the register. The 


CD4035B, with the correct conversion . 
logic, can also be used as a BCD-to-binary siibbaineiaii bibl: saad coe 


converter. 


Minimum Setup Time: 
J/K Lines 


“The basic rule is: If a 4 or less is in a decade, 
shift with the next clock pulse; if a 5 or greater 
is in a decade, add 3 and then shift at the next 
clock pulse. For more information refer to Parallel-In-Lines 
“IRE TRANSACTIONS ON ELECTRONIC 
COMPUTERS”, Dec. 1958, Pages 313-316. 


Fig. 15 — BIDEC logic. Maximum Clock Frequency, fo, 


oak = |= = — | — sank 
on aionflolmo on arora {| a on 


> 
= 
< 
= 
Uv 
c 
ct 


Input Capacitance, Cypy 
RESET OPERATION 


Propagation Delay Time: 
"PHL: tPLH 


CD4035 
y 4-STAGE REGISTER 


*1f more than one unit is cascaded t-CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 


load. 


Control = E = Oo 1 

Q4 Qo Q3 Q4 Q, Q Q3 Qq4 

A B Cc D A B Cc D 

0.0 Oo i¢] Oo 15 #1 1 1 1 

. 1 0 0 Oo 14 0 1 1 1 

2 0 1 Oo ie) 13° «421 Oo 1 1 

5 1 Oo 1 Oo 10 O 1 ie) 1 

10 O 1 0 1 5 1 Oo 1 0 

4 0 0 1 Oo 11° #1 1 Oo 1 

9 1 0 0 1 6 0O 1 1 Oo 

3 #1 1 O 0 12 O O 1 1 

6 0O 1 1 0 9 #1 0 0 1 

13 #1 0 1 1 2 0 1 Oo Oo 

11° #1 1 O 1 4 0 0 1 0 

4 1 1 Oo 8 0 Oo 0 1 

14 0 1 1 1 1 °#1 Oo 0 Oo 

12 0O 0 1 1 3 1 1 Oo O 

8 0 0 0 1 Zr 4 1 1 0 

92CS-19973RI Using a control line (E) two different state sequences can be generated. 


For example, suppose the following two sequences are desired on 
command (control line E) 


Fig. 16(a) — Double sequence generator. 
9 q 9 Fig. 16(b) — State sequences. 
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CD4035B Types 


PI-| PI-2 PI-3 Pl-4 


CLOCKO) 

CD4035 C04035 
CARRY 
INPUT © UNITS REGISTER TENS REGISTER 


VopO 
i ae 


BCO 


TENS 
OUT 
CARRY = 
een wanes FORWARD ee aes FORWARD 10 | 
( BIDEC LOGIC) (BIDEC LOGIC) DECADE 
FIG 7 FIG. 7 
PI-2 
TO PI-3 TO 
UNITS TENS 
REGISTER| pI-4 REGISTER | PI-4 
92CS -I9971R2 
Fig. 17 — Binary-to-BCD converter. 
0 lO 20 30 40 50 60 70 80 9092 
86-! | ] 1 ] 1 { 
1346 | 101G5 
TT 
piers 
| 83-9]! TERMINAL DIAGRAM 
(2.109-2.311) Top View 


92CS-20745Ri 


(0.102-0.254) 
(2.261- 2.463) 


92CS-35056 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 


Dimensions and pad layout for CD4035BH. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (103 inch). 
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dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CD4041UB Types 
CMOS Quad Features: 


Balanced sink and source current; approximately 4 times 


True/Complement Buffer standara “8” arive 


® Equalized delay to true and complement outputs 
100% tested for quiescent current at 20 V 


= Maximum input current of 1 uA at 18 V over 


The RCA-CD4041UB types are quad true/ a al fang, AOD Ey at 


complement buffers consisting of n- and 
p-channel units having low channel resistance 


High Voltage Types (20-Volt Rating) 


5-V, 10-V, and 15-V parametric ratings 


and high current (sourcing and_ sinking) = Meets all requirements of JEDEC Tentative 
capability. The CD4041UB is intended for Standard No. 13A, ‘‘Standard Specifications 
use as a buffer, line driver, or CMOS-to-TTL for Description of ‘B’ Series CMOS Devices” ‘a 
driver, It can be used as an ultra-low power 7 ee 
resistor-network driver for A/D and D/Acon- 
version, as a transmission-line driver, and in oo Vgg=7 iis 
other applications where high noise immun- Applications: Voo*!4——gacs-20034R 
ity and low power dissipation are primary ® High current source/sink driver 
design requirements. = CMOS-to-DTL/TTL Converter Buffer 
|ne CD4041UB types are supplied in 14-lead ® Display driver 
hermetic dual-in-line ceramic packages (D = MOS clock driver ae 
and F suffixes), 14-lead dual-in-line plastic es Radeor network driver A 
packages (E suffix), 14-lead ceramic flat ; G:B 
packages (K suffix), and in chip form (H (Ladder or weighted R) HB 
suffix). = Buffer ee 
® Transmission line driver 
MAXIMUM RATINGS, Absolute-Maximum Values: 920S-20766R4 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vee Terminal) svicsscciassnvsessnnccnns eves ne so caseneasnewa -0.5 to +20 V TOP VIEW 
INPUT VOLTAGE RANGE, ALL INPUTS: c2cdccccousdcsccavsdee nde ete stares be ewRes -0.5 to Vpp +0.5 V TERMINAL ASSIGNMENT 
DG INPUT GURRENT ANY ONG INPUN s0isseccdoisnedbebeseen deesewsise pessoas oedossauss +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For T A= ~40 to 460°C (PAGRAGE TYPE. E)  .tcenuendeaneaseranecene be eedeenssccddnaneess 500 mW 
For T, = +60 to +65°C (PACKAGE TYPE E)  cccccscsravenes Derate Linearly at 12 mW/°C to 200 mW Vop Yop Voo 
For Ta See ta 100 OC (PACKAGE (Peo UF: cncertaxcdemsenedeedacaee ds sewexencenss 500 mW 
For Tq = +100 to +125°C (PACKAGE TYPES D, F, K) ....... Derate Linearly at 12 mW/°C to 200 mW 4 4 ae 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR INPUT" 4 OUTPUT 
For Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................. 100 mW | ! 0 
OPERATING-TEMPERATURE RANGE (Ta): 
PRCWAGE TES Oy EE ccsieccrct adn ge creavesecsvacnancesessiescaenbrooaaok -55 to +125°C 4 + 
PROKAGE TIPE Ciccas ce¥Keietavndsdxeoi esas 2200860 ouseCReeneead baRsteNeeeeserees -40 to +85°C Vss Vss 
STORAGE TEMPERATURE RANGE (Tstg) CGIAR AERO TMAMRSEE Rw ER ee RRA ee RTE KS -65 to +150°C Vss Yoo 
LEAD TEMPERATURE (DURING SOLDERING): *ALL INPUTS PROTECTED ba a COMPLEMENT 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ........ 0. cece eee eee +265°C PROTEC Gn herb 71° "7 OUTPUT 
al, 
RECOMMENDED OPERATING CONDITIONS 7 a 
For maximum reliability, nominal operating conditions should be selected so that Yoo : 
operation is always within the following ee ate v= reer 


CHARACTERISTIC | LIMITS UNITS Fig.1 — Schematic diagram 1 of 4 buffers. 


Supply-Voltage Range (For Ta=Full Package- 
Temperature Range) 
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Fig.2 — Typical output low (sink) current Fig.3 — Minimum low (sink) current Fig.4 — Typical output high (source) current 
characteristics. characteristics. characteristics. 
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CD4041UB Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40,+25,+85 Apply to E Pkgs. 


CHARAC- 
TERISTIC 


25 | 00 | sos | +125 [ae tro: [oe 
quieseent |_— [os| 5 | 1 [ 1 | 30 | 90 | - | 002] 1 | 
Device [| — [o,10[ 10 | 2 [| 2 [ 60 | 60 | — | 002 i 
Current [— po1s[ 15] 4 | 4 | 120] 120| — | oo2| 4 | * 
ipo Mex. [~— | 0.20] 20 | 20 [20 | 600 | 00 | — [004 | 20 
Sen) Ps {otro las fiz foe | so |= 
(Sink) 04 {05} 5 | 2.1 (3-) 12 | 16] 32 
Current, [ 05 [o,10{ 10 [625 [56 [| 4 [35 | 5 | 10 | - | 
lov Min. [15 [015] 15 | 24 | 23 | 155 19 a leg 
Output High [4.6 | 0,5 -1.3 —16| =32 | -— 
(Source) [ 25 | 05 | 5 | -84 |-67 | -5.3 [-46 | ~6.4]-128| - | 
Current, [95 [0,10| 10 [-6.26[-5.6 | -4 [-35 | -5 | -10 | — _ 

Io Min. | 13.5 | 0,15] 15 | 24 |-23 |-155 |-13 | -19 | —38 | 
eT loste lee | Te bow 
age: 0,5 5 

Low-Level, {_— |010[ 10 [ 005 | = | 0.05 
Mor Wee | [Si] | I) 
oe | fost s | aes ass fs | 
age: 0,5 4.95 

High-Level, | — | 0,10 9.95 | 10 | - | 


Input Low 
Voltage, 


Input High 
Voltage, 


Current, 
lin Max. 


St 
a 
oO 
nN 
— 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tg = 25°C, Input t,,t = 20 ns, 
Cy = 50 pF, Rx, = 200 kX2 


ALL TYPES 
LIMITS 
CHARACTERISTIC mm | 
Propagation Delay Time: 
tPHL. . 
tPLH 25 
40 


Transition Time 


UNITS 


Input Capacitance CIN 


PROPAGATION DELAY TIME (tpy_.tpLH)—ns 


TRANSITION TIME (ttLHet THLE) — 8 
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Fig.5 — Minimum output high (source) 
current characteristics. 
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Fig.6 — Typical propagation delay time 
vs. load capacitance. 
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Fig.7 — Typical transition time vs. 
load capacitance. 
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Fig.8 — Minimum and maximum transfer 
characteristics — true output. 
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CD4041UB Types 
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92C5 - 2005!) 
Fig.11 — Typical power dissipation vs 
frequency per output pair. 
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a 
uF 
ae 
<a 
a 
i 
=| 
a 
= 
3 v 
i 00 
Ww 
a 
2 
5 INPUTS 
< Vo NOTE: 
a o-(T > MEASURE INPUTS 
2 ° SEQUENTIALLY, 
: Vss TO BOTH Vop AND Vss° 
3 CONNECT ALL UNUSED 
3 INPUTS TO EITHER 
a Vp OR Vec: 
DD ‘ss 
10 102 103 104 103 108 0? ? 
INPUT RISE ANDO FALL TIME (ty,t¢ )—ns ss 
9208-36214 Vss 92CS- 27401RI 9208-27402 
Fig.10 — Typical power dissipation vs. input Fig.12 — Quiescent device current test circuit. Fig.14 — Input-leakage-current test circuit. 


rise & fall time per output pair. 


Dimensions and pad layout for the CD4041UBH 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated 
Grid graduations are in mils (1 a3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is seperated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
9- different chips. The actual dimensions of the isolated 
(1.755 1.955) chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


E _ 4-10 
= (0.102- 0.254) 


~ (2.007 -2.209) 


79-87 eee 92CS-27569 
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CD4042B Types 


CM O Ss a control 
Quad Clocked “D” Latch 


Q and O outputs 
High-Voltage Types (20-Volt Rating) 


Common clock 

Low power TTL compatible 

Standardized symmetrical output characteristics 
100% tested for quiescent current at 20 V 


; Maximum input current of 1 uA at 18 V over 
The RCA-CD4042B types contain four latch full packaye-tampersture tanga: 100 08a 


circuits, each strobed by a common clock. 18 V and 25°C 
Complementary buffered outputs are availa- = 5-V, 10-V, and 15-V parametric ratings 


ble from each circuit. The impedance of the = Noise margin (over full package 

n- and p-channel output devices is balanced temperature range): 

and all outputs are electrically identical. 1 Vat Vpp =5V pe celal 

Information present at the data input is 2 V at Vpp = 10 V ous 92CS- 20191 
transferred to outputs Q and Q during the 2.5 V at Vpp = 15 V VssO  CD4042B 
CLOCK level which is programmed by the = Meets all requirements of JEDEC Tentative FUNCTIONAL DIAGRAM 
POLARITY input. For POLARITY = 0 the Standard No. 13A, ‘Standard Specifications 

transfer occurs during the 0 CLOCK level for Description of ‘B’ Series CMOS Devices” 


and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK Applications: 
and POLARITY levels defined above are 
present. When a CLOCK transition occurs 
(positive for POLARITY = O and negative 


@ Buffer storage 
@ Holding register 
@ General digital logic 


@@xuNDBWeaUNS 
e 


for POLARITY = 1) the information present TOP VIEW 
at the input during the CLOCK transition is 92CS- 20756Ri 
retained at the outputs until an opposite TERMINAL ASSIGNMENT 
CLOCK transition occurs. STATIC ELECTRICAL CHARACTERISTICS 
The GB4042B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D LIMITS AT INDICATED TEMPERATURES (°C) 
and F suffixes), 16-lead duafin-line plastic caaeac Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
package (E. suffix), 16-lead ceramic flat - Values at -40.+25.+85 A to E Pk 
package {K suffix), and in chip form (H TERISTIC Md omy ik 
suffix). 
Quiescent 
Device 
Current 
[one OF Foua aTewE IDp Max. 


| Output Low 
(Sink) 
Current, 
lo. Min. 
Output High 
(Source) 
Current, 
1OH Min. 
Output Volt- 
age: 
Low-Level, 


DO, 


CLOCK 


* 
POLARITY p 
| 
=p 


Eats ach pate = Output Volt- 


V, 92cs- ' i} 
DO 20190R age: 
High-Level, 
* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK Input Low 
VSS Voltage, 


VIL Max. 
POLARITY 


 * 


Input High 
Voltage, 
ViH Min. 

Input 
Current, 
lin, Max. 


= 


I+ 


Fig. 1 — Logic block diagram and 
truth table. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY -VOLTAGE RANGE, (Vpp) 


(Vollages farerénosd 16 Vee Terminal) 5x5 csinvents+isnensueeedanyesas 665 ¥eewnnsens -0.5 to +20 V 
niPUl VOLTAGE RANGE, ALLINPUTS cc. ccstvcundeseacersiaddevssxesvetds cuss -0.5 to Vpop +0.5 V 
OC INPUT CURRENT, ANY ONEINPUT .ccs+o cesscceenbideuseeed de eWadeeenuetaeeswouwaucs +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Tg = -40 to +60°C (PACKAGE TYPE E) ...ccscsscrctncsnsescssecncensssanceceneseees 500 mW 

For Tg = +60 to +85°C (PACKAGE TYPE E) ............... Derate Linearly at 12 mW/°C to 200 mW 

For T 4 = -55 to +100°C (PACKAGE TYPES D, F, K) .........-. sc ceeeceee cee esecneeseneens 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) ....... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................-5 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PROCRAGE Vireo NG, FE cnnncedeeekedasvsb0ipieistedeesieswbiaee ay Soeersusies -55 to +125°C 

PRORAGE OVE be © iva 0 500846406500 0640006ateb aes dhe etvawhnsiwneseeseaveisewen -~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tytg) cece reece eee eee eee t eect ee eee ener ees -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ........... ce cee eee +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


Vpp LIMITS 
CHARACTERISTIC ALL TYPES 


(Vv) 


Supply-Voltage Range 
(For Ta=Full Package 
Temperature Range) 


Clock Pulse Width, tw 


Hold Time, ty 


Clock Rise or Fall Not rise or fall 
Time: t, , tr time sensitive. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
-15 -10 -5 ) 
AMBIENT TEMPERATURE (Ta)=25°C- 


sees tettttitttt tees 
LETT GATE -TO- SOURCE VOLTAGE (Vgg)= - 


eo 
Bee L + 
; San ae I eis 
+ 
seesees i Ht 
sees H tt Vit 
} ete 
ti] a 
t A 


e 
eo 
zi HEH 


ae 
Ee Ss." 
eeeescaen. < 


x 3 ty | 
AA 
a 
++ 4444 
Seoce see 
HA ttt 
3 


ee 
a4 
++ 
Lats 1 
Z 


+ 
+ 
+ 


Hh 
++ 
++ 
tH H+ 


TI 
+ tee t 
t+ ++ —7 > 
++ $e te +++ 
+++ 
+ +++ 
: + 


OUTPUT HIGH (SOURCE) CURRENT(IQH)—mA 


LOAD CAPACITANCE (C,) — pF 


9265-24321R2 92Cs-27635 
Fig. 5 — Minimum output high (source) Fig. 6 — Typical propagation delay time vs. 
current characteristics. load capacitance—data to Q. 
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~ 
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z 
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o 
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z 
” 
= 
° 
4 
— 
> 
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ov —mA 


OUTPUT LOW (SINK) CURRENT (I 


CD4042B Types 


AMBIENT TEMPERATURE (Ta)= 25°C 14 
GECTRLAPRECRITR GDB ATBES HTH 
HH aeoe 


seaneag 
eea Baceaaseg 
HH GATE-TO-SOURCE VOLTAGE (Vgs)*I5 V 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92C5-24318R3 


Fig. 2— Typical output low (sink) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS -24319R1 


Fig. 3 — Minimum output low (sink) current 
characteristics. 


DRAIN- TO-SOURCE VOLTAGE (Vps)—V 
SHeUSES 
HEH 


ep 
GATE-TO-SOURCE VOLTAGE (Vgs 
SReCeD Bagveca 
HE HEE 
SGGRO8 G80R8n8 
ie as t 
H eee 
eS 
| | 
: 


see 
sete 


aoe 


sted 


Gi REaSRe 
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GEG aaee 


succeed 
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CI 
92CS- 24320R3 

Fig. 4 — Typical output high (source) 

current characteristics. 


AMBIENT TEMPERATURE (Ta) = 25°C 


LOAD CAPACITANCE (C,) — p 


mn 


92CS-27636 
Fig. 7— Typical propagation delay time vs. 
load capacitance—data to Q. 


OUTPUT HIGH (SOURCE) CURRENT(I0H)—mA 
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CD4042B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; Input t, , te = 20 ns, Cy = 50 pF, 


CHARACTERISTIC 


Propagation Delay 


Time: tp,» tpLH 
Data In to 0 


Data In to re 


Clock to Q 


Clock to O 


Transition 
Time: tTHL- tTLH 


Minimum Clock 
Pulse Width, tw 


Minimum Hold Time, ty 


Minimum Setup 
Time, ts 


Clock Input Rise or Fall 
Time: ty, t¢ 


Input Capacitance, Cj, 
(Any Input) 


CLOCK 
cL 
NOTE 2 | | 
| 
| 
LATCH LOW | 
DATA { 
OATA ! 


OUTPUT | 
| 
HIGH DATA 
LATCHED 
tPHL: tPLH tPHL: tPLH 
0 TOQ ORG cL TOQ ORG 
NOTES: 


1. FOR POSITIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY !S LOW. 


2. FOR NEGATIVE CLOCK EOGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS HIGH. 


92CS$-27630 
Fig. 12 — Dynamic test parameters. 
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Ry = 200 KQ 


LIMITS 
ALL TYPES 


PROPAGATION DELAY TIME (tpy,, tpLy) — 8 


fe) 20 40 60 80 100 120 140 
LOAD CAPACITANCE (C,_) — pF 
92CS-27637 


Fig. 8 — Typical propagation delay time vs. 
load capacitance—clock to Q 


Ht ie 
HEHE 
+ 


ue 
a 


PROPAGATION DELAY TIME (tp, tppy) — 98 | 


AMBIENT TEMPERATURE (Tag) = 25°C 


0 20 40 60 80 100 120. 140 
LOAD CAPACITANCE (C,) — pF 
92CS-27638 


Fig. 9 — Typical nropagation delay time vs. 


Not rise or fall 
time sensitive. 


load capacitance—clock to O. 


AMBIENT TEMPERATURE (Ta)= 


- 
c 
| 
=x 
4 
= 
Zz 
x 
— 
w 
2 
= 
z 
ies 
= 
w 
z 
a 
4 
= 


POWER DISSIPATION/DEVICE (Pp)—p»W 


we ° 80 100 
INPUT FREQUENCY — Hz savelsessial LOAD CAPACITANCE (C_)— pF 92S - 24322 
oo, Fig. 11 — Typical transition time vs. load 
Fig. 10 — Typical power dissipation vs. capacitance. 
frequency. 
Voo 
INPUTS OUTPUTS 
Vix 
ye Ls DVM 
° pif 
Vin 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS- 27401RI 92CS-2744IRI 


Vss 
Fig. 13 — Quiescent device current test circuit. 


Fig. 14 — Input voltage test circuit. 


CD4042B Types 


INPUTS 

Voo NOTE 

oz = MEASURE INPUTS 

° SEQUENTIALLY, 

Vss TO BOTH Vop AND Vss: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yop OR Vss° 


Vss 


g92CS-27402 


Fig. 15 — Input current test circuit. 


Chip Photograph, Dimensions, and Pad Layout 


70 75 


59-67 
(1.499-1-701) 


bez. 4-10 

(0.102-0.254) 
0 
032) 


72 es 
Deo h 92CS-3507! 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips. the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4043B, CD4044B Types 


CMOS Quad 3-State 
R/S Latches 


High-Voltage Types (20-Volt Rating) 
Quad NOR R/S Latch — CD4043B 
Quad NAND R/S Latch — CD4044B 


The RCA-CD4043B types are quad cross- 
coupled 3-state CMOS NOR latches and the 
CD4044B types are quad cross-coupled 3- 
state CMOS NAND latches. Each latch has a 
separate Q output and individual SET and 
RESET inputs. The Q outputs are controlled 
by a common ENABLE input. A logic “1” or 
high on the ENABLE input connects the 
latch states to the Q outputs. A logic “0” or 
low on the ENABLE input disconnects the 
latch states from the Q outputs, resulting in 
an open circuit condition on the Q outputs. 
The open circuit feature allows common bus- 
ing of the outputs. 

The CD4043B and CD4044B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), andin 
chip form (H suffix). 


Vv 
EQUIVALENT E OD 


NOR LATCH e 
MORTON as 


EQUIVALENT iz Voo 
NAND LATCH 
— 7 


CD4044B 


Fig. 1 — Logic diagrams. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vss Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 


DC INPUT CURRENT; ANY ONE INPUT ciscucsesccecane 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = -40 to +60°C (PACKAGE TYPE €) ............. 
For T, = +60 to +85°C (PACKAGE TYPE E) ............. 
= -55 to +100°C (PACKAGE TYPES D, F, K) ...... 


For T A 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ........ cece eee eee eee ees +265°C 


* ALL INPUTS PROTECTED 
BY COS/MOS INPUT 
PROTECTION NETWORK 


Ce 


Ce 


Hid eN eae SERS U RACERS RRNA eS a +10 mA 


Lhd REEOARR IME daa eeW eee Lata as 500 mW 


= FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


eee eee wee eee ee emer eee eee eee e rere eee ee eee eee eer eeeereeeeene 


Ce 


Ce ee er eS Se 


Oe ae a er Se a eS Yee eat ee 


Features: 
® 3-state outputs with common output 
ENABLE 
= Separate SET and RESET inputs for 
each latch 
@® NOR and NAND configurations 
@ 5-V, 10-V, and 15-V parametric ratings 
@ Standardized symmetrical output 
characteristics 
® 100% tested for quiescent current at 20 V 
@ Maximum input current of 1 uA at 18 V over 
full package temperature range; 100 nA at 
18 V and 25°C 
® Noise margin (over full package temperature 
range): 1VatVpp =5V 
2 Vat Vop =10V 
2.5 V at Vpp = 15 V 
= Meets all requirements of JEDEC Tentative 


Standard No. 13A, “‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


Applications: 


92CS- 2022IR1 


CD4043B 
FUNCTIONAL DIAGRAM 


® Holding register in multi-register system 

® Four bits of independent storage with 
output ENABLE 

Strobed register 

General digital logic 

CD4043B for positive logic systems 
CD4044B for negative logic systems 


CD4044B8 
FUNCTIONAL ‘SS 
DIAGRAM 


92CS-20222 


S2ryaovspund 


1e@ 
(4 
3 
4 
5 
6 
P 2 
8 


TOP VIEW 


TOP VIEW 
NC=NO CONNECTION 
CD4043B 


92CS-24476R1 92CS-24477RI 


NC=NO CONNECTION 


TERMINAL ASSIGNMENTS CD40448 


R 
X 
oO 
oO 
1 
1 


“OPEN CIRCUIT “OPEN CIRCUIT 
+NO CHANGE +NO CHANGE 
A DOMINATED BY S=1 INPUT A A DOMINATED BY R=O INPUT 
92CS-20211 92CS-20212 
CD4043B 
TRUTH TABLES COMCHE 
[2a-bivosbarend sane ea raaeteeee -0.5 to +20 V 


Recommended Operating Conditions T ,=25°C 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


-0.5 to Vpp +0.5 V 


Characteristic 


Supply-Voltage Range 
(Tp = Full Package 


Temperature Range) 


SET or RESET 
Pulse Width, ty 


-55 to +125°C 
-40 to +85°C 
-65 to +150°C 
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CD4043B, CD4044B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply toD, F,K,H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 
ISTIC | 


Quiescent Device 
Current, 
IDD Max. 


Output Low 
(Sink) Current 
lor Min. 


Output High 
(Source) 
Current, 


1OH Min. 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
ViH Min. 


Input Current 
lin Max. 


3-State Output 
Leakage Current 


louT Max. 


DRAIN- TO- SOURCE VOLTAGE (Vpsi—V 

-15 -10 -5 Ce) 

AMBIENT TEMPERATURE (Ta)*25°CH tt 4 
r seean HoH 


AMBIENT TEMPERATU 
}j4 4 


AMBIENT TEMPERATURE (Ta)=25 °C H 
sascen tt 


+44 
SERee 
es 


seasesness eee 
sscceeeese Pree siti HH GATE -TO-SOURCE VOLTAGE (Vgs)*-5V4 
[| if 


TH anes a8 [ 208 wl t 
cot tt saa0 


HY a EE Ge ea eee tt 
Ht HH GATE - TO- SOURCE VOLTAGE (Vgg)=15 V ++ 
ft L es em ++ of fh 


EE 
HE 
cE: 

HEE 


T] 
SE e eee Os rH peuseeeetusees 
Erte ce REESE 


Sesescseuscsssstesssssssseesesszctessessssee 


1p <.8' Ct tt EE 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 
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° 
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> 
oO 
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OUTPUT HIGH (SOURCE) CURRENT(I 0H)—mA 


a 5 J ~ 
eon ae) euee.7 458) Sei ease SESSLER EaS SBeeaReee eo a 
cid cSsdscatanttssatesttesstesttaspeeaitositast Ss ve : 
eer’.e @ SeReneEe ene aR ] BE eReaa SRSRSR ESS Se RSBSREGEReR BRASH SB 
ee/eun' secssnuees SRST SR ORA SES ee eRe SS eaaae rH a saueaueGeeeeuee HH ee a ose 
7 aeBee 22 Ease pint et Saaee eee Saeas ea HH +4 SR Beee 
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Ct 4 dee deseo eeeeeeecee couse caneeaceessecscaeecsacece Scuseaeeenee Sesnsguanse H Basrectseeice 
5 Se) 5 10 15 cesecseuse roo Seceeeeeeun H s sree 
DRAIN-TO-SOURCE VOLTAGE (Vos) —V DRAIN- TO-SOURCE VOLTAGE (Vps)— Vv SasGeSRGCCGsREsE5n a Co 
Bee ena 92CS -243,98 9205-24320R3 
Fig. 2 — Typical output low (sink) Fig. 3 — Minimum output low (sink) Fig. 4 — Typical output high (source) 
current characteristics. current characteristics. current characteristics. 
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CD4043B, CD4044B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7, = 25° C; Input t,, t¢= 20 ns, 


C, = 50 pF, R, = 200K 


CHARACTERISTIC 


Propagation Delay 


Time: tpy., tpLH 
SET or RESET to Q 


3-State Propagation Delay 
Time: ENABLE to Q 


tPpHZ: tPZH 


*PLZe"PZL 


Transition Time: 
tTHL: 'TLH 


Minimum 
SET or RESET 
Pulse Width, tw 


Input Capacitance, 
(Any Input) 


+ 


yout 


tT] anes 

++ etter 

tt oo 

+ as 
+ acess Tt a t oe ++ 
pan SS SS oe + 
t+ [ene 1s ae 2 eres Oe as 
SESE ++ ee ° -+ 
seses Rae = 
HE assis 


oop 
irene 


EEE HEH if SHH: 


eseceesen I ee 
30 40 


PROPAGATION DELAY TIME (tpi ,tp_p)—ns 


LOAD CAPACITANCE (cL)— pF 


Fig. 7 — Typical propagation delay time 
vs. load capacitance—SET, 
RESET to Q, Q. 


Yoo 
INPUTS OUTPUTS 
Vin 
Noe ss 
° = 
Lae 1 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-2744!RI 
Fig. 10 — Input voltage. 
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LIMITS 
ALL TYPES 


i 
t = pS 
-+ yO 


Oi a ee 


INPUT FREQUENCY — Hz 


= a 
= LOAD CAPACITANCE — ae 

CL=I5 pF : 
dal teaht #50 0 Se 
zi | aR ERS fae RS a] 
hr H 7 Th 
Sree 
10° 10 


9g2cs- 20201 


Fig. 8 — Typical power dissipation vs. 


frequency. 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vpp AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Yoo OR Vss 
Vss 


92CS-27402 


Fig. 17 — Input current. 
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92CS-2432iR2 


Fig. 5 — Minimum output high (source) 


TRANSITION TIME (try .tTLH)— 98 


C04044B 


current characteristics. 


LOAD CAPACITANCE (C.)— pF 
9205-24322 


Fig. 6 — Typical transition time vs. 


load capacitance. 


Yoo 


Vss 
92CS-2740IRI 


Fig. 9 — Quiescent device current. 


CD40438 


92CS-27707 


Fig. 12— Switch bounce eliminator. 


OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


CD4043B, CD4044B Types 


Yoo i Yoo 
50% 50% 
de ENABLE Vss 
2 
: 'p2H a 90% 2/3 Yoo 
: | 
- POINT 10% ¢ = id 
ENABLE 5 IN (IN Vp WW Veg) = ee 
6 IK { 
=. a ie-ied ‘ POINT A 90% a serS V0 
: : Z=HIGH IMPEDANCE (IN*Vgg,IN* Vop) | 10% 
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92CS- 27706 


Yss 
Fig. 13 — ENABLE propagation delay time test circuit and waveforms. 
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| 


(0.102 —0.254) 


62-70 ae 92CS —27750 


(1.575 —-1.778) 


CD4043BH 


Fig. 14 — Multiple bus storage. 


74-82 
(1.880-2.082) 
Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10-3 inch). 
Ls 4-10 
(0.102- 0.254) The photographs and dimensions of each CMOS chip 
62=70 represent a chip when it is part of the wafer. When the 
‘ ~~ (|.575-1.778) 92CS-2775| wafer is separated into individual chips, the angle of 


cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
CD4044BH dimensions shown. The user should considera tolerance 
of -—3 mils to +16 mils applicable to the nominal 
dimensions shown. 


OUTPUT 
DATA 
BUS 


179 


CD4045B Types 


CMOS 21-Stage Counter 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4045B is a timing circuit con- Features: 


sisting of 21 counter stages, two output- @ Very low operating dissipation .... . 
shaping flip-flops, two inverter output drivers, <1 mW (typ.) @Vpp = 5 V, fo = 1 MHz 
and input inverters for use in a crystal oscil- a solar athe Ae blah —— source capability . 
: ; : mA \typ DD=| 
lator. The CD40456 configuration provides = Medium s , ive t _. . {9=25MHz @Vpp =10V 
21 flip-flop counting stages, and two flip- = 100% tested for quiescent current at 20 V 
flops for shaping the output waveform for a = 5-V, 10-V, and 15-V parametric ratings 
3.125% duty cycle. Push-pull operation is = Meets all requirements of JEDEC Tentative Standard : piecing 
provided by the inverter output drivers. No. 13A, Standard Specifications for Descripiton of 92cs- 2910781 
‘B’ Series CMOS Devices” 


The first inverter is intended for use as a FUNCTIONAL DIAGRAM 
crystal oscillator/amplifier. However, it may 
be used as a normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 


MAXIMUM RATINGS, Abso/lute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


. (Voltages referencedto Vgg Terminal) ©. . . 2. 1. 1 ee ee ee —0.5 to +20 V 
use of source resistors. In this device, the INPUT VOLTAGE RANGE, ALLINPUTS. . . . . . . . . . . . . 0.5 to Vpp +0.5V 
sources of the p and n transistors have been DC INPUT CURRENT, ANY ONEINPUT ....... . . ee HO mA 
brought out to package terminals. If external POWER DISSIPATION PER PACKAGE (Pp): 
resistors are not required, the sources must be 1A . ns bea phi : pales aoe sn jo 
be shorted to their respective substrates (Sp Bee Ta i ee pepe tapered eho D.F,.K). . . Derate Linearly at 12 mW/ > ie ae dle 
to Vpp, Sp to Vgs). See Fig. 1. The first For Ta = +100 to +125°C (PACKAGE TYPESD,F,K). . . Derate Linearly at 12 mW/°C to 200 mW 
inverter in conjunction with an outboard DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
inverter, such as 1/6 CD4069, and Rx, Cx, FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . .  100mW 
and Rg can also be used to construct an OPERATING-TEMPERATURE RANGE map r 
RC oscillator. The followingdatais supplied PacaGETYPEE a0 0 488°C 
as a guide in the selection of values for Rx, STORAGE TEMPERATURE RANGE (Tstg) . - - eee es 65 to +150°C 
Rs, and Cy used in Fig. 11: LEAD TEMPERATURE (DURING SOLDERING): 

1. Ry max = 10 MQ with Rs = 10 MQ At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for10smax. . . . . . . +265°C 


and Cy = 50 pF 
2.C yx max = 25 uF with Rg = 560 kQ2 
and Ry = 50 kQ 


The CD4045B types are supplied in 16-lead 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Applications: 


® Digital equipment in which ultra-low dissi- 
pation and/or operation using a battery 
source is required. 

® Accurate timing from a crystal oscillator 
for timing applications such as wall clocks, 
table clocks, automobile clocks, and digital 
timing references in any circuit requiring 
accurately timed outputs at various inter- 
vals in the counting sequence. 

8 Driving miniature synchronous motors, 
stepping motors, or external bipolar tran- 
sistors in push-pull fashion. 


fe 1/32 SEC 
= 
COMPONENTS 


REFER TO APPLICATION NOTE 

ICAN 6086!FOR THE CHOICE OF 
OSCILLATOR COMPONENT VALUES 
AND TYPICAL OSCILLATOR CURRENTS 


SCHEMATIC OF 
FIRST INVERTER 
92CM- 29106R1 


Fig. 1 — CD4045B and outboard components in a typical 21-stage counter application. 
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CD4045B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) U 
Values at-55, +25, +125 Apply toD, F,K,H Packages | y 


CHARACTERISTIC CONDITIONS _ | Values at —40,+25,+85, Apply to E Package i 
Vo |Vin|Yoo T 
|? |e | ao | sas [onan fama 
Quiescent Device fl RE AR et eel tag) foo 8 
Current, Ipp Max. 0,10] 10 | 10{ 10 | 300] 300] ~ | 0.04 i 
= prs] ve fat ze aaa} soot =f aoe aot 
0.20| 20 | 100 100 | 3000] 3000| — | 0.08 | 100, 
Output Low (Sink) [04 [os] 5] 45] 43] 29 25| 36] 7| — 
Current Io Min. os fs0l 12[105]| 77] 63] 91] 18] — 
0,15] 15 | 294] 28 | 196] 16.8] 238) 47] - |, 
Output High Source 48] O56} 08 88 | 20 28 St 
Current, IQH Min. 0,10] 10 [-11.2 | 10.5 | ~7.7 | -6.3 | | -18| — | 
13.5 ois 15 294] 20 [196168 [-238| —a7] — 
Pin 15 Output (0.4.4.6{05| 5] — | #0.1{ +0.18 
LowandHigh [0.5.9.5 ]0,10 10 | 40.2] 403 mA 
Current, lotion [15.135)0.15[ 15[ Ss ——S—~dYS sat 
Output Voltage: | - [05| 5] 005 | - | ~ 40.05 
Low-Level, | = [0,10] 10 | | - | - [0.05 
Vou Max. | — fois] ws | BK 9 
Output Voltage: | - |os| 5] 495 | 4.95] - 5) 
High-Level, | = 0,10] 10 __9.95 | 9.95] 10] 
VouMin. | = [0.15] 15° ne de ee 
input Low o5as| | 5 C= = 8 
Voltage ae ae Ee 3 et ae ae 
veo =P 8 a Tso =] * 
Input High 10.5,4.5| — | 5 MO 
Voltage ria [| 10 a ae aes 
vintin, — fRsasap— Pus 
ih Ed ec 
lin Max. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges 


CHARACTERISTIC 


Supply-Voltage Range (For Tq = Full Package- 
Temperature Range) 


Maximum Input—Pulse Frequency, fd 
(External Pulse Source) 
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CD4045B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t,, te = 20 ns, 


Cy = 50 pF, Ry = 200k2 


TEST 
CHARACTERISTIC 


Propagation Delay Time: 
g; to y or ytd out 


‘PHL 'PLH 


Transition Time: 


'THL 'TLH 
Minimum Input-Pulse Width 


tw 
Input-Pulse Rise or Fall Time: 


tro, te 
Maximum Input-Pulse 
Frequency: 
(External Pulse Source) fy 


vsee8e 

SuSGGe 00008 nenGuansen!. e086 
SASESR SRDS ESCERR ERDAS 6 ABB 
ase a eaea 


92CS - 31342 
Fig. 4 — Typical output high (source) current 
characteristics. 


POWER DISSIPATION (Pp)—»W 
Poste et SN EN 
200s tee 


ae 46802 2 ta 468.42 4€8 
— FREQUENCY (fey) —bHz 92CS-31345 


Fig. 7 — Typical power dissipation as a function of 


input frequency (21 counting stages). 


CONDITIONS 


rH 
aeee 2 
Raee us ttt i 
rt + Ht 
seeegeesss 
ei 


LIMITS 
Min. “ 
Typ. 
n 
25 M 
30 
p 


1.5 


Us 
S 
Us 
Hz 
F 
% 


H HH - 

HTH FREE 

ence fe H eH 
anes {Gare SOURCE ret = at 


7 


92CS-31343 
Fig. 5 — Minimum output high (source) 
characteristics. . 
40 meen TEMPERATURE (Ta)#25°C TH+4+tttH 


Spisaouiae 


ee 


2 4) 6 8 10 12 4 6 4 
SUPPLY VOLTAGE (Vpp)—V 
92CS- 31346 
Fig. 8 — Typical maximum input-pulse frequency 
as a function of supply voltage. 


On 


- ii 


OUTPUT LOW (SINK) CURRENT (IoL)—mA 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-31340 


Fig. 2 — Typical output low (sink) current 
characteristics. 


OUTPUT LOW (SINK) CURRENT (Io.)—mA 


gceuuscesseceescesetssese 
Sseeane BSRERRTRBRBERAS 
aeee HEE 
PH 
10 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CS-3134) 
Fig. 3 — Minimum output low (sink) current 
characteristics. 


— 


PROPAGATION DELAY TIME (1pyy tpLH)—»s 


SUPPLY VOLTAGE (Vog)--V 9205-31344 
Fig. 6 — Typical propagation delay time as a 
function of supply voltage (p; toy 
ory +d out vs. Vopy). 


AMBIENT TEMPERATURE (Ta) 25°C 
Voo 5, 10, OR IS V 


OSCILLATOR FREQUENCY (fosc )—kHz 


CAPACITANCE (Cx)— pF on 31347 


Fig. 9 - Typical RC oscillator frequency as a 
function of capacitance (Cy), 
See Fig. 17. 
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AMBIENT TEMPERATURE (Ta)=25°C 
Vop :5, 10,OR I5V 


~ 
x 
= 
ih 
2 
2 
= 
vo 
: 
WwW 
“4 
we 
& 
4 
2 
B 
° 


RESISTANCE (Ryx)—kO 
92CS-31348 


Fig. 10 — Typical RC oscillator frequency as a 
function of resistance (R y), 


See Fig. 17. 
Voo 
INPUTS OUTPUTS 
Vin 
TT lee t 
Vin ii. 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-27441RI 


Fig. 13 — Noise-immunity test circuit. 


a 4-10 
(0.102- 0 254 


97-10 
(2 463- 2.667) 


Cy 


TO COUNTER 


1/6 CD4069 
OR EQUIVALENT 


92CS-31349 


Fig. 11 — Typical RC circult. 


DD 


INPUTS 


One MEASURE INPUTS 
° 


SEQUENTIALLY, 


Vss TO BOTH Vpp AND Vss: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vop OR Vss° 
Vss 92CS-274902 


Fig. 14 — Input-leakage-current test circuit. 


80-88 
(2. 032-2 235) 
| 
| 
| 


92CM- 31355 


Dimensions and pad layout for CD4045B. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (1 0-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CD4045B Types 


Voo 


Vss 
92CS-2740IRI 


Fig. 12 — Quiescent-device-current test circuit. 


j 


3 14 

4 13 
O.l aF ‘ fe 

6 

7 

8 


CL 
= 92CS-31350 


Fig. 15 — Dynamic power dissipation test circuit. 


TERMINAL DIAGRAM 
Top View 


Sp 1®@ 16 $, 
SN 2 $0 
VOD 3 Vss 
4 
weg S) 
6 NC 
y 7 
y+d 8 


92CS-24478R2 
NC=NO CONNECTION 


NOTE Observe power-supply terminal connec- 
tions, Vpp is terminal No. 3 and Vss is 
terminal No. 14 (not 16 and 8 respec- 
tively, as in other CD4000B Series 16-lead 


devices). 
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CD4046B Types 


CMOS Micropower 
Phase-Locked Loop 


The RCA-CD4046B CMOS Micropower 
Phase-Locked Loop (PLL) consists of a low- 
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. 


The CD4046B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


VCO Section 


The VCO requires one external capacitor C1 
and one or two external resistors (R1 or R1 
and R2). Resistor R1 and capacitor C1 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required. The high input 
impedance (101282) of the VCO simplifies 
the design of low-pass filters by permitting 
the designer a wide choice of resistor-to- 
capacitor ratios. In order not to load the 
low-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). _ If this 
terminal is used, a load resistor (RS) of 10 
kQQ or more should be connected from this 
terminal to Vss. If unused this terminal 
should be left open. The VCO can be con- 
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators. A full COS/MOS logic 
swing is available at the output of the VCO 
and allows direct coupling to COS/MOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059. One or more CD4018 (Preset- 
table Divide-by-N Counter) or CD4029 (Pre- 
settable Up/Down Counter), or CD4059A 
(Programmable Divide-by-’’N’’ Counter), to- 
gether with the CD4046B (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer. A logic 0 on the 
INHIBIT input ‘enables’ the VCO and the 
source follower, while a logic 1 ‘‘turns off” 
both to minimize stand-by power consump- 
tion. 


Features: 
= Very low power consumption: 


70 uW (typ.) at VCO fy = 10 kHz, Vpp=9 V 
® Operating frequency range up to 1.4 MHz (typ.) 


at Vpp = 10 V, RI=5 kQ 


= Low frequency drift: 0.04%/°C (typ.) at Vpp = 10 V 


® Choice of two phase comparators: 
Exclusive-OR network (1) 


Edge-controlled memory network with phase-pulse 


output for lock indication (II) 


® High VCO linearity: <1% (typ.) at Vpp = 10 V 


# VCO inhibit control for ON-OFF keying 
and ultra-low standby power con- 
sumption 

= Source-follower output of VCO control 
input (Demod. output) 

® Zener diode to assist supply regulation 

= Standardized, symmetrical output 
characteristics 

= 100% tested for quiescent current at 20 V 

= 5-V, 10-V, and 15-V parametric ratings 

® Meets all requirements of JEDEC Tentative 
Standard No. 13A,’Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


ODULATOR 
OuT 


TOP VIEW 


92CS-20757RI 


TERMINAL ASSIGNMENT 


Applications: 


= FM demodulator and modulator 

= Frequency synthesis and multiplication 

® Frequency discriminator 

® Data synchronization 

® Voltage-to-frequency conversion 

® Tone decoding 

= FSK — Modems 

® Signal conditioning 

= (See ICAN-6101) ‘““RCA COS/MOS 
Phase-Locked Loop — A Versatile 
Building Block for Micropower 
Digital and Analog Applications” 


ASS 


FILTER 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


92Cs- 29172 


Fig.1 — COS/MOS phase-locked loop block diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgsg Terminal) ........... 
INPUT VOLTAGE RANGE, ALL INPUTS ........... 
DC INPUT CURRENT, ANY ONE INPUT ........... 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = -40 to +60°C (PACKAGE TYPE E) ...... 
For T, = +60 to +85°C (PACKAGE TYPE E) ...... 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


cAaaaiesdaratddtvaes wna ase ae ie tees aie eth -0.5 to +20 V 
Miwa Ie aah eee beunaseeeee -0.5 to Vpp +0.5 V 
Seda de els akeatine ake aecenaamanare® +10 mA 


sndisaiia ay: ReeteUe EIS Hiiw BrP wlErG Sone Oare awe « 500 mW 


For T, = FULL PACKAGE-TEMPERATURE RANGE (AIl Package Types) ..........--..006. 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES 0, 6; Rv wevusdesesnscueiada’ 
PACKAGES PVPS © gc0ciinecktevsgesaenenweeests 
STORAGE TEMPERATURE RANGE (Tgtg) -..----- 


LEAD TEMPERATURE (DURING SOLDERING): 


Noa eee ee ae Ee tnieaves cule aeees -55 to +125°C 
Ae wis aie/aivGe te Sk ae ua eG ew arew es -40 to +85°C 
Steeda gdaneriis, aCaNe a ke FMA NS ee ae BIOS -65 to +150°C 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. .........cceeceeeeeees +265°C 
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Phase Comparators 


The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within COS/MOS logic levels [logic 
“0"" <30% (Vpp—Vss), logic “1'" 2 70% 
(Vpp—Vss)]. For smaller swings the signal 
must be capacitively coupled to the self- 
biasing amplifier at the signal input. 

Phase comparator I is an exclusive-OR net- 
work; it operates analagously to an over- 
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre- 
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to Vpp/2. The low-pass filter 
connected to the output of phase comparator 


RECOMMENDED OPERATING CONDITIONS at Tq = Full Package-Temperature Range 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 
LIMITS UNITS 


CHARACTERISTIC 
5 18 V 
3 18 
5 18 


Supply-Voltage Range VCO Section: 

As Fixed Oscillator 

Phased-Lock-Loop Operation 
The selected external components must be 
within the following ranges: 

5 k8&2< R1, R2, Rg <1 MQ 
C12 100 pF at Vpop ea: 
C1 2 50 pF at Vpp 2 10 V 


Supply-Voltage Range Phase Comparator Section: 
Comparators 
VCO Operation 


DESIGN INFORMATION 


This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Locked-Loop system. 


Phase 
Comparator 


Used 


Characteristics 


Design Information 


VCO WITHOUT OFFSET VCO WITH OFFSET 
R2 = 0o 


VCO Frequency 


VCO INPUT VOLTAGE 
92CS-20012R1 


For No,Signal Input 


2 fL = full VCO frequency range 
Frequency Lock = 
2 fL = fmax—fmin 


Same as for No.1 
IN R3 OUT 


Frequency Capture (1), (2) 


Range, 2 f 1 fant. 
te TI 


For 2 fc, see Ref. (2) 


Range, 2 fi 


Loop Filter 
Component 


Selection 


Phase Angle Between 90° at center frequency (fo) approximating 0° 
Signal and Comparator and 180° at ends of lock range (2 fi) 
Always 0° in lock 


Locks On Harmonic of 
Center Frequency 
Signal Input 
Noise Rejection 


For further information, see 
(1) F. Gardner, ‘“‘Phase-Lock Techniques’’ John Wiley and Sons, New York, 1966 
(2) G.S. Moschytz, ‘‘Miniaturized RC Filters Using Phase-Locked Loop’’, BSTJ, May, 1965. 


CD4046B Types 


I supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (fo). 


The frequency range of input signals on 
which the PLL will lock if it was initially 
out of lock is defined as the frequency cap- 
ture range (2f¢). 


The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range (2f{_). The capture range is < the 
lock range. 


With phase comparator I the range of fre- 
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range. Phase-com- 
parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 


One characteristic of this type of phase com- 
parator is that it may lock onto input fre- 
quencies that are close to harmonics of the 
VCO center-frequency. A second charac- 
teristic is that the phase angle between the 
signal and the comparator input varies be- 
tween 0° and 180°, and is 90° at the center 
frequency. Fig. 2 shows the typical, trian- 
gular, phase-to-output response characteristic 
of phase-comparator I. Typical waveforms 
for a CMOS phase-locked-loop employ- 
ing phase comparator I in locked condition 
of fo is shown in Fig. 3. 


> 
| 
g AVERAGE OUTPUT 
< VOLTAGE 
3 Yoo 
be 
= 
= 
Vv 
2 Yoo/2 
W 
oO 
q 
& 
= r) 90° 80° 


SIGNAL-TO- COMPARATOR 
INPUTS PHASE DIFFERENCE 


92CS-20009 


Fig.2 — Phase-comparator | characteristics 
at low-pass filter output. 


SIGNAL INPUT (TERM. 14) j | j | 
VCO OUTPUT (TERM 4)= 

COMPARATOR INPUT j | | 
(TERM 3) 


PHASE COMPARATOR I 

OUTPUT (TERM. 2) ee 
00 

VCO INPUT (TERM. 9)-= i i 

* LOW-PASS FILTER 


OUTPUT —Vss 
92CS-20010RI 


Fig. 3—Typical waveforms for CMOS phase-locked 


loop employing phase comparator in locked 
condition of fo. 


Phase-comparator II is an edge-controlled 
digital memory network. It consists of four 
flip-flop stages, control gating, and a three- 
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or n-MOS drivers are ON they 
pull the output up to Vpp or down to 
VSS, respectively. This type of phase com- 
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
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CD4046B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 
TERISTIC 


VCO Section 


Output Low 
(Sink) Current 


lOL Min. 


Output High 
(Source) 
Current, 


'OH Min. 


Output Voltage: 
Low-Level, 


VoL Max. 


Output 
Voltage: 
High-Level, 
VOH Min. 


Input Current 
NIN Max. 


Phase Comparator S 


Total Device 
Current, Ipp Max. 
Term. 14 open, 
Term. 5= Vop 


(Sink) Current 
loz Min. 


Output High 
(Source) 
Current 


1OH Min. 


DC-Coupled 
Signal Input and 
Comparator Input 
Voltage Sensitivity 
Low Level 
Vi L Max. 


High Level 
Vip Min. 


control the PLL system utilizing this type 
of comparator. If the signal-input fre- 
quency is higher than the comparator-input 
frequency, the p-type output driver is main- 
tained ON most of the time, and both the 
n and p drivers OFF (3 state) the remainder 


CONDITIONS 
Vo pa 
(V) 


ion 
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of the time. If the signal-input frequency 
is lower than the comparator-input frequen- 
cy, the n-type output driver is maintained 
ON most of the time, and both the n and 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator- 
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LIMITS AT INDICATED TEMPERATURE (°C) 


Values at-55, +25, +125 Apply to D, F,K, H Packages 
Values at —40, +25, +85 Apply to E aes 
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input frequencies are the same, but the 
signal input lags the comparator input in 
phase, the n-type output driver is main- 
tained ON for a time corresponding to the 
phase difference. If the signal- and com- 
parator-input frequencies are the same, but 
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STATIC ELECTRICAL CHARACTERISTICS 2 craeeeinpicieaie aati phase 
- eo a ae 
LIMITS AT INDICATED TEMPERATURE (°C) | U | {he P-type output driver is mélnta ne 
N 


for a time corresponding to the phase dif- 
CHARAC- CONDITIONS _ |Values at -55, +25, +125 Apply to D, F, K,H Packages ference. Subsequently, the capacitor voltage 


TERISTIC Values at —40, +25, +85 Apply to E Package of the low-pass filter connected to this phase 
Ss 


comparator is adjusted until the signal and 
comparator inputs are equal in both phase 
and frequency. At this stable point both p- 
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
laput Current an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 
Moreover the signal at the ‘‘phase pulses’’ 
output is a high level which can be used for 
3-State Leakage indicating a locked condition. Thus, for 
Currant se phase comparator II, no phase difference 
: = — a ari = ae exists between signal and comparator input 

over the full VCO frequency range. More- 
*Limit determined by minimum feasible leakage current measurement for automatic testing. Over. the mnie dissipation due to the low- 
pass filter is reduced when this type of phase 

comparator is used because both the p- and 
n-type output drivers are OFF for most of 
the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 


lin Max. 
(except Term.14) 


ELECTRICAL CHARACTERISTICS at Ta = 25°C independent of the low-pass filter. With no 
A : signal present at the signal input, the VCO 

| CHARAC- LIMITS is adjusted to its lowest frequency for phase 
TERISTIC TEST CONDITIONS ALL TYPES UNITS comparator II. Fig. 10 shows typical wave- 


Tmin.| Typ. | Max. forms for a CMOS PLL employing phase 
Typ. comparator II in a locked condition. 
VCO Section 


Operating Power 
Dissipation, Pp 


AMBIENT TEMPERATURE (Ta) = 25°C 
VCO w* Vpp/2 .R2=@, INHIBIT * Vos 


Maximum 
Operating 
Frequency f 


TYPIC CENTER FREQUENCY 
UNI 


T-TO-UNIT VARIATION 


max 


Center Frequency 
(f,) and Frequency 


CENTER FREQUENCY (fg) — Hz 


f Programmable with external components R1, R2, and C1 


mei i . . 
See Design Information VCO TIMING CAPACITOR (Cl) — pF 92CS- 30347 


Fig. 4 — Typical center frequency as a function of 
C1 and R1 at Vop =5 V, 10 V,and 15 V. 


VCOIN=2.5V+0.3V, Ri= 
=5V+t1V, 
Linearity =5Vt25V, 
=7.5V+15V, 


SUPPLY VOLTAGE (Vpp )* Ov 
VCOwn * Vpp /2, R=@ , INHIBIT * Veg 

Temperature - : 

Frequency 

Stability: 

No Frequency 

Offset fMIN = 0 


| Frequency 
Offset 


fuin #0 


Output Duty 
Cycle 


_ 
=z 

°o 
_ 
> 
oO 
z 
WwW 
2 
So 
WwW 
x 
oS 
i 
lab 
= 
z 
uJ 
Oo 


10-5 1074 1o-5 10-2 1o7! \ 10 
Output Transition — VCO TIMING CAPACITOR (CI) —F — g2cs-30353 
Times, pi Fig. 5 — Center frequency as a function of C1 and 
tTHL- 'TLH R1 for ambient temperatures of 


—55 Cto 125°C. 
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ELECTRICAL CHARACTERISTICS at Ty, = 25°C 


CHARAC- LIMITS 


TERISTIC TEST CONDITIONS Vop ALL TYPES _|UNITS 


OF [in [ te. [on 


UPPLY VOLTAGE 
(Vop) 215 V 


VCO Section (cont'd) 


Source-Follower 
Output (Demodu- 
lated Output): 
Offset Voltage 

(VCOiN—VpeEm) 


- ' 
SS 
- UNIT -TO-UNIT VARIATION 


o 2 10 | 
0.3 VCO TIMING CAPACITOR (Cl)—-mF g2cs-30346 
0.7 % Fig. 6 — Typical frequency offset as a function of 
0.9 C1 and R2 for Vop =5 V, 10 V, and 
“fl: 15 V. 


SUPPLY VOLTAGE (Vop) #10 V 
VCOw*Vsg_ INHIBIT = Vss 
GEG Ee ee 


N 
x 
| 
= 
= 
- 
— 
Ww 
w 
re 
TS 
° 
> 
V9 
2 
Ww 
> 
° 
Ww 
i. 4 
w& 


Linearity 


Zener Diode 
Voltage (V,) 


Zener Dynamic 
Resistance, R, I7=1mA 


Phase Comparator Section 

Term. 14 (SIGNAL 
IN) Input 
Resistance R14 


FREQUENCY OFFSET (fyy)—Hz 


AC Coupled 
Signal Input 
Voltage Sensi- 
tivity* (peak- 
to-peak) 


fin = 100 kHz, 
sine wave 


C1 and R2 for, ambient temper- 
atures of —55 C to 125° G. 


a} AMBIENT TEMPERATURE (Tg) 25°C 
6 fwax WHEN VCOjn = Voo INHIBIT = Vos 
4) fwin WHEN VCOin? Vss 


TYPICAL fax tin 


Propagation Delay 
Times, Terms. 14 
to 13: High to 
Low Level, tpyyy) 


Low to High 
Level, tpLH 


[F 
180 | 360 
1075 1072 
330 660 VCO TIMING CAPACITOR (C1) — Pike. sosse 
900 |1800 ; 
Fig. 7 — Frequency offset as a function of 


UNIT - TO- UNIT VARIATION 


a: 
(%) Ss 
225 | 450 vs 
100 | 200 | ns era 
95 | 190 
et ence 
0.01 0.1 | ite) . ‘00 


R2/RI 92CS - 30354 
285 | 570 Fig. 8 — Typical fypa yf pgp as a function of 
130 | 260 | ns R2/R1. 
95 190 - AMBIENT TEMPERATURE (Ta) 25°C 


3-State Propagation 
Delay Times, 
Terms. 14 to 13: 
High Level to 
High Impedance, 


tPHZ 


—_ ——_ 
or anon 


Low Level to 
High Impedance, 


'PLZ 


10 


, VCO *Vpp/2, R2*@ 
Input Rise or Fall INHIBIT = Veg C,* SOpF 
Times, t,, te See Fig. 5 for Phase Comp. II 
Comparator Output loading 
Input, Term. 3 


Signal Input, 
Term. 14 


VCO POWER DISSIPATION (Pp)—-»W 


Output Transition 
Times, HL TFL 


a — 
now on 


* For sine wave, the frequency must be greater than 10 kHz for Phase Comparator II. 


Ri—ka 9208-30348 
Fig. 9 — Typical VCO power dissipation at center 
frequency as a function of R17. 
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AMBIENT TEMPERATURE (Tag) =25°C 
VCOiIN = Vss Cy = 50 pF 


ae ae es 


SIGNAL INPUT (Term ia) J L___» JL, J <t 
VCO OUTPUT (TERM 4): Voo 1 
COMPARATOR INPUT Ne ee ca 3 
(TERM 3) = 
PHASE COMPARATOR II . x 2 
OUTPUT (TERM 13) Je - - me - — — -—e a Yoo pate a ey tes e 
-Vi =z 
Ps OUTPUT = 
VCO INPUT (TERM. 9): —_——— oe 2Ka @ 
: LOW-PASS FILTER ~Vs5 a 
OUTPUT 7 a 
PHASE PULSE (TERM 1) lf ie Vss = 
“Vss 92CS- 30355 2 

NOTE: DASHED LINE IS AN OPEN-CIRCUIT 
CONDITION (3'4 STATE) aonneear ina 8 


Fig. 10 — Typical waveforms for COS/MOS phase-locked loop Fig. 11 — Phase comparator II 
employing phase comparator II in locked condition. output loading circuit. 


2 4 68 2 4 68 2 4 68 
10 102 103 104 
R2— kQ 92CS-30349 


Fig. 12 — Typical VCO power dissipation at Fagipy 
as a function of R2. 


AMBIENT TEMPERATURE (Ta) = 25°C 


AMBIENT TEMPERATURE (Tg) = 25°C 
PHASE COMPARATOR I 


VCO *Vpp/2, RIERZ = @ 


i 
4 t 
£ | 
z wW 
e @ 
- ane 
a 
a $y ; 
% 3 
a 52 6 
g ey 

au” 
& gu 
[a od - 
WwW Yo 2 
FS a0 “i 
4 we « 
| ay WwW 
[o) 34 a 
we ou | 
¥ ee ! 
g < 3 
: 

z 
2 pa. AVI + HEV) 
Re — ko 92C$-3035! SIGNAL INPUT FREQUENCY (fj) — kHz  @2CS- 30350 . = 
, ; ; . to - (5 V) 
Fig. 13 — Typical source follower power Fig. 14 — AC-coupled signal input voltage as a % LINEARITY = - X 100 
dissipation as a function of Rs. function of signal input frequency. 
ii © 468 2 468 2 468 2 4 6 
io! \ fe) 102 *\03 
Ri— kQ 92CS-30345 


Fig. 15 — Typical VCO linearity as a function of 
R1 and C1 at Vop = 10 V. 


LINEARITY — PERCENT 


(2.438-2.642) 


t'o—f(7.5 V) 
% LINEARITY» —2————— «| 
Ri—kQ 92CS- 30344 
Fig. 16 — Typical VCO linearity as a function of 
R1 and C1 at Vop =75 V. 

Dimensions and pad layout for CD4046BH. 

| Dimensions in parentheses are in millimeters and 

are derived from the basic inch dimensions as in- 


dicated. Grid graduations are in mils (10-3 inch). 
The photographs and dimensions of each CMOS chip 
8 5- 93 represent a chip when it is part of the wafer. When the 
P) 159-2.362) wafer is separated into individual chips, the angle of 


cleavage may vary with respect to the chip face for 

92CM-36467 different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —-3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CMOS Low-Power 
Monostable/Astable 
Multivibrator 


High Voltage Types (20-Volt Rating) 


The RCA-CD4047B consists of a gatable 
astable multivibrator with logic techni- 
ques incorporated to permit positive or 
negative edge-triggered monostable 
multivibrator action with retriggering and 
external counting options. 


Inputs include_+TRIGGER, —TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXTERNAL RESET. Buffered outputs are 
Q, Q, and OSCILLATOR. In all modes of 
operation, and external capacitor must be 
connected between C-Timing and RC- 
Common terminals, and an_ external 
resistor must be connected between the 
R-Timing and RC-Common terminals. 


Astable operation is enabled by a high 
level on the ASTABLE input or a low level 
on the ASTABLE input, or both. The 
period of the square wave at the Q and Q 
Outputs in this mode of operation is a 
function of the external components 
employed. ‘True’ input pulses on the 
ASTABLE input or “Complement” pulses 
on the ASTABLE input allow the circuit to 
be used as a gatable multivibrator. The 
OSCILLATOR output period will be half of 
the Q terminal output in the astable 
mode. However, a 50% duty cycle is not 
guaranteed at this output. 


The CD4047B triggers in the monostable 
mode when a positive-going edge occurs on 
the + TRIGGER-input while the -TRIGGER is 
held low. Input pulses may be of any duration 
relative to the output pulse. 


If retrigger capability is desired, the 
RETRIGGER input is pulsed. The retrig- 
gerable mode of operation is limited to 
positive-going edge. The CD4047B will 
retrigger as long as the RETRIGGER-input 
is high, with or without transitions (See 
Fig. 34). 


An external countdown option can be im- 
plemented by coupling “Q”’ to an external 
“N’’ counter and resetting the counter 
with the trigger pulse. The counter output 
pulse is fed back to the ASTABLE input 
and has a duration equal to N times the 
period of the multivibrator. 


A high level on the EXTERNAL RESET in- 
put assures no Output pulse during an 
“ON” power condition. This input can 
also be activated to terminate the output 
pulse at any time, for monostabie opera- 
tion, whenever Vpp is applied, an internal 
power-on reset circuit will clock the Q out- 
put low within one Output period (tpg). 


The CD4047B-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and inchip form (H 
suffix). 


a nee aac ccc 
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Features: 


@ Low power consumption: special CMOS 
oscillator configuration 
= Monostable (one-shot) or astable (free-running) 
operation 
True and complemented buffered outputs 
Only one external R and C required 
Buffered inputs 


100% tested for quiescent current at 20 V 
Standardized, symmetrical output 
characteristics VSS 
5-V, 10-V, and 15-V parametric ratings 
Meets all requirements of JEDEC 
Tentative Standard No. 13B, 
“Standard Specifications for 
Description of ‘B’ 
Series CMOS Devices”’ 


R-C COMMON 
ASTABLE 
ASTABLE 


~TRIGGER 


Terminal Diagram 


Monostable Multivibrator Features: 

m@ Positive- or negative-edge trigger 

@ Output pulse width independent of 
trigger pulse duration 

w Retriggerable option for pulse width 


® Oscillator output available 
@ Good astabie frequency stability: 
Frequency deviation: 
= +2% + 0.03%/°C @ 100 kHz 


expansion 
@ /nternal power-on reset circuit 


@ Long pulse widths possible using small 


= +0.5% +0.015%/°C @ 10 kHz 
(circuits “trimmed” to frequency 
Vop = 10 V + 10%) 


RC components by means of exter- 
nal counter provision 

m Fast recovery time essentially indepen- 
dent of pulse width 

w Pulse-width accuracy maintained at 
duty cycles approaching 100% 


Applications: 


Digital equipment where low-power 
dissipation and/or high noise immunity 
are primary design requirements: 
Envelope detection 

Frequency multiplication 

Frequency division 

Frequency discriminators 

Timing circuits 

Time-delay applications 


Astable Multivibrator Features: 


mw Free-running or gatable operating 
modes 
m 50% duty cycle 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so 


that operation is always within the following ranges: 
| LIMITS 
CHARACTERISTIC LIMITS UNITS 


Supply-Voltage Range (For Ta = Full Package-Temperature 
Range) 3 18 V 


NOTE: IF AT 15 V OPERATION A 10 M2 RESISTOR IS USED THE OPERATING 
TEMPERATURE SHOULD BE BETWEEN -—25°C and 100°C 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vog Terminal) ......... eee ee eee c cece cece cece eect eee eeeees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS: 255s s6 don os cveennee canines sede eens es oa ar -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 3 ..cccosscavnswee nde aedehssU Genre Lune sn tate eraeand axe +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -40 to GC (PRCKAGE TYPE Eli acacs etesdusaapdidialwaxeda sé x4eedees es deveunsess 500 mW 

For Ta = +60 16 785°C (PACKAGE TYPE EB) vicadscecncaescex aus Derate Linearly at 12 mW/°C to 200 mW 

For Ta, = -55 to +100°C (PACKAGE TYPES DF, K).o06 sax cciccceadowe rss sas veu a cas eteeeeeda 500 mW 

For T, = +100 to #125°C (PACKAGE TYPES D, F, K). «2.05005 Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................2.005. 100 mW 
OPERATING-TEMPERATURE RANGE (Tg): 

PACKAGE TYPES 0. FRG -csigedacdcds veteeadeedse kee Sane cs qbd sda 640s Pandave een ers -65 to +125°C 

PACKAGE TYPE E. «<.csésdesaebedidsnen ape yaseebash 56050eSs2Ge ees Was Kotsrotenesants -40 to +85°C 
STORAGE TEMPERATURE RANGE (T stg) ae hg ah ER ete w are ae had Geel he CEG EN ee eee -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for10S Max. .......... 0. cece ee eee +265°C 
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CD4047B FUNCTIONAL TERMINAL CONNECTIONS 
NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 34 
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 34 


TERMINAL CONNECTIONS | OUTPUT | OUTPUT PERIOD 
FUNCTION |TOVpp}| TOVss | INPUT | PULSE OR 
TO FROM PULSE WIDTH 


Astable Multivibrator: 
Free Running 7,8,9,12 10,11,13 | ta (10,11) = 4.40 RC 
True Gating 7,8,9,12 10,11,13 | t, (13) = 2.20 RC# 


Complement Gating 5,7,8,9,12 10,41,13 
Monostable Multivibrator: 
Positive-Edge Trigger 5,6,7,9,12 
Negative-Edge Trigger D,/.9,02 try (10,11) =2.48 RC 
Retriggerable . 5,6,7,9 
External Countdown 56.759,12 
A See Text. 
# First positive V2 cycle pulse-width = 2.48 RC, see Note on Page 10. 
. Input Pulse to Reset of External Counting Chip External Counting Chip Output To Terminal 4 


oS Q 
ASTABLE FREQUENCY 1 (10) 

GATE ae DIVIDER = 

aeTaBLe _.|..| CONTROL MULTIVIBRATOR (=2) Q 
STABLE ‘4 oO 


RETRIGGER | RETRIGGER 
| CONTROL 
| 


EX TERNAL 
RESET 


| 
i 
| 
— TRIGGER 
“ | sree | 
L 
(6) + TRIGGER | 
(2) | 
| 
(2) 
| 


= @ 
Fig. 1—CD4047B logic block diagram. eee 
RC 
. RETRIGGER | COMMON cTc RTC 
ASTABLE (5) be Be ¥(i2) 30" ry @) 
~ 
ASTABLE (4) a> 
x 
+TRIGGER (8) 


m 
_-TRIGcER (6) a> > 


* 
"TE" [>_> —— 
DD 


SENSITIVE TO STATIC 
ELECTRICAL DISCHARGE. 
% INPUTS PROTECTED BY %% SPECIAL RC COMMON —_—‘ EXTRA HANDLING PRE- 
COS/MOS PROTECTION PROTECTION NETWORK CAUTIONS ARE RECOMMENDED. 
NETWORK 4 aes 


CAUTION: TERMINAL 31S MORE 


92CM - 29042RI 


Vss Vss 


Fig. 2—CD4047B logic diagram. 
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Ri R2 
FFI, FF3 


FF2, FF4 


92CM~- 29040 


Fig. 3—Detail logic diagram for flip-flops FF1 and FF3 (a) and for flip-flops FF2 and FF4 (b). 
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Fig. 4—Typical output low (sink) current Fig. 5—Minimum output low (sink) current 
characteristics. characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K,H Packages 
Values at -40, + 25,+ 85 Apply to E Package 


Quiescent 
Device Cur- 


Output Volt- 
age: Low- 


wevol= oss [ss [oe [= [ [om] 
Max. 
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ORAIN- TO-SOURCE VOLTAGE (Vps)—V 


15 10 5 
AMBIENT TEMPERATURE (Tg)=25°C Segseeeueueeeuueeuee’'s 
ae eervt e A. 
ae ae 
LJ Hy 


sssssssessaa's 
OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


92CS-24320R4 


Fig. 6—Typical output high (source) current 
characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vops)—V 
-15 -10 


-5 
AMBIENT TEMPERATURE (Ta)= 25°C Seeeeeeeeees 
+ SSSRRERaBRa 

Bae 

t 


Foul—mA 


OUTPUT HIGH (SOURCE) CURRENT( 


Hest +4 aes i++ 
seseesescescesssceestetestee Sat 
Seegsesssacss jeaceces HHH 

92CS-24321R3 


Fig. 7—Minimum output high (source) current 
characteristics. 
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LOAD CAPACITANCE (C_)—pF 92¢S - 22939 
Fig. 8—Typical propagation delay time as a 
function of load capacitance (Astable, 


Astable to Q, Q). 
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Fig. 9—Typical propagation delay time as a 
function of load capacitance (+ or 
— trigger to Q, Q). 
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STATIC ELECTRICAL CHARACTERISTICS (CONTINUED) 


LIMITS AT INDICATED TEM PERATURES (°C) 
Values at -55, +25, +125 Apply to D, F,K, H Packages 


CHARAC- CONDITIONS 


TERIS- Values at -40,+ 25,+ 85 Apply to E Package 
TICS 


Output Volt- 

age: High- 
Level, Voy 
Min. 

Input Low 


Max. 
Input High 
Voltage, 


Input Cur- 
rent lin 
Max. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, tf = 20ns, 


C. = 50pF, Rp = 200kQ 


EL 
VpD 
T Tl UNITS 
cilia SRP ame a 


tPHL, tPLH 5 200 400 


Propagation Delay Time: 
Astable, Astable to Osc. Out 


Astable, Astable to Q, Q 


+ or — Trigger to Q,Q 


Retrigger to Q, Q 


External Reset to Q, Q 
70 140 


5 100 200 
THL: tTLH | 10 50 100 
15 40 80 
5 200 400 
‘WI 40 
15 


600 
115 230 
75 150 


Transition Time:_ 
Osc. Out, Q, Q 


Minimum Input Pulse Width: 
+ Trigger, — Trigger 


Retrigger 


Input Rise and Fall Time: 
All Inputs 


Q or Q Deviation from 50% 
Duty Factor 


CD4047B Types 


TRANSITION TIME (tTHL.tTLH)—AS 


ie} 


40 60 80 100 
LOAD CAPACITANCE (C_)— pF 92CS-24322 


Fig. 10—Typical transition time as a function 
of load capacitance. 
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SUPPLY VOLTAGE (Vop)-V 92C5-32940 


Fig. 11—Typical astable oscillator or Q, 0 
period accuracy vs. supply voltage. 


PERIOD ACCURACY —PER CENT 


. ie) 2 4 6 8 Le) 12 14 16 18 20 
SUPPLY VOLTAGE (Vpp)— ¥ 92CS-32941 
Fig. 12—Typical astable oscillator or Q, @ 
period accuracy vs. supply voltage. 
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Fig. 13—Typical astable oscillator or Q, Q 
period accuracy vs. supply voltage. 
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PERIOD ACCURACY- PER CENT 
H+ 
eaene 
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“$5 -35 -15 5 sh 65 soit 125 145 


AMBIENT TEMPERATURE (Ta me geronsoees 


Fig. 14—Typical astable soe aan or Q, @ 
period accuracy vs. ambient temper- 
ature (ultra-low frequency). 
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Fig. 17—Typical astable oscillator or Q, O 
period accuracy vs. ambient temper- 
ature (high-frequency). 
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Fig. 20—Typical output pulse-width variations 
vs. supply voltage. 


Ry = 100 ka 
SUPPLY VOLTAGE (Vpp)=!0 V OR I5 


OUTPUT PULSE —- WIDTH VARIATION— PER CENT 


l2RH HH 

“50 35 -I5 5 25 45 65 85 105 125 145 
AMBIENT TEMPERATURE (Ta )— °C 

Fig. 23—Typical output pulse-width variations 

vs. ambient temperature. 
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Fig. 15—Typical astable oscillator or Q, Q 
period accuracy vs. ambient temper- 
ature (low frequency). 
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Fig. 18—Typical astable oscillator or Q, 
period accuracy vs. ambient 
temperature. 
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Fig. 21—Typical output pulse-width 
variations vs. supply voltage. 
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Fig. 24—Typical output-pulse-width variations 
vs. ambient temperature. 
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vs. Supply voltage. ¥ 
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Fig. 22—Typical output pulse- -width variations , 
vs. ambient temperature. Pen 
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vs. ambient temperature. ates 


% BY 
bo 


10°F ASTABLE MODE 
SUPPLY VOLTAGE (Vpp)= 5V 


= 
a 
ra) 
a 
z 
2 
ra 
a 
a 
2) 
nn 
(=) 
4 
WwW 
= 
Oo 
a 


10 | 10° 10. 10° 10° ro io 10 


QOR Q FREQUENCY (f)—Hz eaees rials 


Fig. 26—Typical power dissipation vs. output 
frequency (Vpp = 5 V). 
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Fig. 29—Quiescent device current 
test circuit. 


1. Astable Mode Design Information 

A. Unit-to-Unit Transfer-Voltage 
Variations — The following analysis 
presents variations from unit to unit as a 
function of transfer-voltage (V7R) shift 
(33% —67% Vpp) for free-running 
(astable) operation. 


TERMINAL 13"! Lt2j ti Lt2 
TERMINAL 10 J 'A/2 Ltav2 
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Fig. 32—Astable mode waveforms. 


VTR 
ty = —RCIn : 
Vpp + YTR 
typically , ty = 1.1 RC 
Vop — YTR 
to = “ROI | 
2VpD ~ YTR 
typically, tp = 1.1 RC 
ta = 2(ty + to) 
(VTRXVpp - V 
= =9RC In TRXYDD TR) 


(Vpp + VtRX2Vpp - YtR) 


ASTABLE MODE 
SUPPLY VOLTAGE (Vpp)* 10 V 


POWER DISSIPATION (Pp)—pW 


10 wo 10 10 10 10 10 
QOR G FREQUENCY (f)—Hz 
92CS-21413 


Fig. 27—Typical power dissipation vs. output 
frequency (Vpp = 10 V). 
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Fig. 30-——Input-voltage test circuit. 


Typ: VrR=0.5 Vpp ta = 4.40 RC 
Min: VrR =0.33 Vpop ta = 4.62 RC 
Max: Vrp =0.67 Vop ta =4.62 RC 


thus if|ta = 4.40 RC\is used, the variation 


will be +5%, —0% due to variations in 
transfer voltage. 


B. Variations Due to Vpp and Tempera- 
ture Changes — In addition to variations 
from unit to unit, the astable period varies 
with Vpp and temperature. Typical varia- 
tions are presented in graphical form in 
Figs. 11 to 18 with 10 V as reference for 
voltage variations curves and 25°C as 
reference for temperature variations 
curves. 


ll. Monostable Mode Design Information 
The following analysis presents varia- 
tions from unit to unit as a function of 
transfer-voltage (Vrp) shift (33% — 67% 
Vpp) for one-shot (monostable) operation. 
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Fig. 33—Monostable waveforms. 
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Fig. 28—Typical power dissipation vs. output 
frequency (Vpp = 15 V). 
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Vop NOTE: 


MEASURE INPUTS 
SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vsg: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vgs- 
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Fig. 31—Input-leakage-current 
test circuit. 


V 
t4? = —RC In aL 


2VpD 
typically, ty” = 1.38 RC 


tM = (ty 4 ta) 
(VtR)(Vpp - VtR) 


tyy = —RC In 
(2Vpp — VtRi2Vpp) 
where tyqg = Monostable mode pulse 
width. Values for tq are as follows: 


Typ: VtR =0.5 Vpop 
Min: Vrp =0.33 Vpop ty =2.71 RC 
Max: VTR = 0.67 VDD tw = 2.48 RC 


thus is|ty, = 2.48 RClis used, the variation 


will be +9.3%, —0% due to variations in 
transfer voltage. 


Note: 


In the astable mode, the first positive half 
cycle has a duration of thy; succeeding 
durations are t,/2. 


In addition to variations from unit to unit, 
the monostable pulse width varies with 
Vpp and temperature. These variations 
are presented in graphical form in Fig. 19 
to 26 with 10 V as reference for voitage- 
variation curves and 25°C as reference for 
temperature-variation curves. 


ty = 2.48 RC 
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ill. Retrigger Mode Operation 


The CD4047B can be used in the retrigger 
mode to extend the output-pulse duration, 
or to compare the frequency of an input 
signal with that of the internal oscillator. 
In the retrigger mode the input pulse is 
applied to terminal 12, and the output is 
taken from terminal 10 or 11. As shown in 
Fig. 34 normal monostable action is ob- 
tained when one retrigger pulse is ap- 
plied. Extended pulse duration is obtain- 
ed when more than one pulse is applied. 


RETRIGGER 
TERMINAL l2 


Na. UL 


OSC OUTPUT 
TERMINAL 13 


Q OUTPUT 
TERMINAL 10 


larger than the CMOS “ON” resistance 
inseries with it, which typically is hundreds 
of ohms. In addition, with very large values 
of R, some short-term instability with 
respect to time may be noted. 


The recommended values for these com- 
ponents to maintain agreement with 


4 WS seS _ = 
_StreLe SJ te L J TRE | TRE | 


92CS - 20029RI 


Fig. 34—Retrigger-mode waveforms. 


For two input pulses, tae = ty’ +t, + 
at. For more than two pulses, the output 
pulse width is an integral number of time 
periods, with the first time period being 
ty’ + ta, typically, 2.48RC, and all subse- 
quent time periods being t; + to, typical- 
ly, 2.2RC. 


IV. External Counter Option 


Time iM can be extended by any amount 
with the use of external counting cir- 


cuitry. Advantages include digitally con- 
trolled pulse duration, small timing 
capacitors for long time periods, and ex- 
tremely fast recovery time. A typical im- 
plementation is shown in Fig. 35. The 
pulse duration at the output is 


text = (N— 1) (ta) + (tm + ta/2) 
where toy; = pulse duration of the cir- 


cuitry, and N is the number of counts 
used. 


AST OPTIONAL 
| ea eaaaTe) BUFFER 
CD401I7B & O out 
R 
PULSE aciee a 
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Fig. 35—Implementation of external counter 
option. 


V. Timing-Component Limitations 


The capacitor used in the circuit should 
be non-polarized and have low leakage 
(i.e. the parallel resistance of the 
capacitor should be at least an order of 
magnitude greater than the external 
resistor used). There is no upper or lower 
limit for either R or C value to maintain 
Oscillation. 


However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 
this Capacitance can be measured and 
taken into account). R must be much 
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previously calculated formulas without 
trimming should be: 


C 2 100 pF, up to any practical value, for 
astable modes; 


C 2 1000 pF, up to any practical value for 
monostable modes. 


10k2<R<1MQ 
VI. Power Consumption 


In the standby mode (Monostable or 
Astable), power dissipation will be a func- 


dicated. Grid graduations are in mils (10—3 inch). 


O- 
Kx 4-10 
(0.102-0.254) 
80- 88 


(2.032-22 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 


tion of leakage current in the circuit, as 
shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the follow- 
ing formulae: 
Astable Mode: 

P = 2CV2f. (Output at 

terminal No. 13) 

P = 4CV2f. (Output at 

terminal Nos. 10 and 11) 


Monostable Mode: 


—_ (2.9CV2) (Duty Cycle) 
= eee 


(Output at terminal Nos. 10 and 11) 


The circuit is designed so that most of the 
total power is consumed in the external 
components. In practice, the lower the 
values of frequency and voltage used, the 
closer the actual power dissipation will 
be to the calculated value. 


Because the power dissipation does not 
depend on R, a design for minimum power 
dissipation would be a small value of C. 
The value of R would depend on the 
desired period (within the limitations 
discussed above). See Figs. 27, 28, and 29 
for typical power consumption in astable 
mode. 


76-84 
(1.930-2.134) 
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The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD4047B. 


CMOS Multifunction 


Expandable 8-Input Gate 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4048B is an 8-input gate having 
four control inputs. Three binary control 
inputs — Ka, Kb, and Ke — provide the 
implementation of eight different logic func- 
tions. These functions are OR, NOR, AND, 
NAND,OR/AND,OR/NAND,AND/OR and 
AND/NOR. 


A fourth control input, Kd, provides the 
user with a 3-state output. When control in- 
put Kd is high, the output is either a logic 
1 or a logic O depending on the inner states. 
When control input Kd is low, the output is 
an open circuit. This feature enables the 
user to connect this device to a common 
bus line. 


In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs into a 
CD4048B (see Fig. 2). For example, two 
CD4048B’'s can be cascaded to provide a 
16-input multifunction gate. When the 
EXPAND input is not used, it should be 
connected to Vss. 

The CD4048B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and inchip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vcc) 
(Voltages referenced to Vsg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For TA = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D,F.K,Ho « « « « 
PACKAGE TYPE E 


STORAGE TEMPERATURE RANGE (Tetq) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


NOR OR 


m OmMop 
»< 

P xlmlolw 

m OMOpD 
bed 

zy xrj)“jO|@ 


OR/AND 


m xrOa7mm on@p 
bas 
v 
m r939%7m onm@p 
« 
v 


‘ --0.5:to +20 V 
—0.5 to Vpp +0.5 V 
: +10 mA 


-e Bee Se ee 500 mw 
Derate Linearly at 12 mW/°C to 200 mW 
Soe ee eee ee B00 mW 
Derate Linearly at 12 mW/°C to 200 mW 
100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


AND/NOR 


32CM- 22250 


Fig. 1 — Basic logic configurations. 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package 
Temperature Range) 


LIMITS 


pomIn. | MAX. 
ps | 


UNITS 
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BINARY CONTROt INPUTS 
nee © 


wn 


paae Ss 
FUNCTION CONTROL 


3-STATE 


pieceoatietaons 
Ka Kp Ke Ka » contROL 


Vssi8 
Voo*'6 
92€$-22249 


Functional Diagram 


Features: 

® Three-state output 

® Many logic functions available in one package 

® Standardized, symmetrical output 
characteristics 

= 100% tested for quiescent current at 20 V 

# Maximum input current of 1 vA at 18 V 
(full package-temperature range), 100 nA 
at 18 V and 25°C 

® Noise margin (full package-temperature 
range) = 1 V at Vpp=5 V, 2 V at Vpp 
=10V,2.5 Vat Vpp=15 V 

#5-V, 10-V, and 15-V parametric ratings 

= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices’’ 


Applications: 

® Selection of up to 8 logic functions 
® Digital control of logic 

® General-purpose gating logic 


— Decoding 
— Encoding 
J( OUTPUT) Voo 
Kq EXPAND 
A 
INPUTS 1° 8| inputs 
F c 
E D 
Kp Kg 
Vss Ke 


TOP VIEW 


92CS-20246R! 


TERMINAL ASSIGNMENT 
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J 
Vss 
% ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NET WORK 
Vss 92CM- 28989 
Fig. 2 — Logic diagram. 
NOR NAND 
tI 
12 
13 
4 
15 ( 
3 
4 
5 
6 Ka-Kb-Kce 1-0-1 
0-0-0 
AND OR AND/OR 

1-0-0 : 0-0-1! == 

ANO/NOR OR/NANO OR/AND 

I-1-0 3 O-I-1 0-1-0 


; ; : 92CS-22252 
Fig. 3 — Actual-circuit logic configurations. 


APPLICATIONS OF EXPAND INPUT 


OR FUNCTION 
J (OUTPUT) 


Yoo 


J (OUTPUT) \ x! 
Vop 2 A 
3 A x4 
4 8 
5 Cc 1/2 CD4002A 
6 D 
Voo 7 
8 CD4048A 9 
“ss = 16-INPUT NOR GATE 
12- INPUT OR/AND GATE 92CS -20240 92CS- 2024) 


J=(A+B+C+D)-(E+F+G4+H)- (X1+X24+X3+X4) 


Fig. 4 — 12-input OR/AND gate. Fig. 5 — 16-input NOR gate. 


J=A,; +B; +C, +0, +E, +F, +G, +H, +A +B82+Cot+Do +Eo+FatGo+Ho 
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Fig. 6 — Typical output low (sink) 
current characteristics. 
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Fig. 7 — Minimum output low (sink) 
current characteristics. 
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Fig. 8 — Typical output high (source) 
current characteristics. 
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Fig. 9 — Minimum output high (source) 
current characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 
ISTIC 


Quiescent Device 
Current, 
lIpp Max. 


Output Low 
(Sink) Current 
lot Min. 


Output High 
(Source) 
Current, 

IOH Min. 


Output Voltage: 
Low-Level, 
VoL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
ViH Min. 


Input Current 
lin Max. 


3-State Output 
Current, |OUT 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


CONDITIONS 
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IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 


OUTPUT 
FUNCTION 


FUNCTION 
NEEDED AT 


OUTPUT BOOLEAN 
EXPRESSION 


EXPAND INPUT 


Note: (EXP) designates the EXPAND function (i.e., X4+Xgt... 


NOTE: 

Refer to FUNCTION 
TRUTH TABLE for 
connection of unused 
inputs. 
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Fig. 10 — Typical propagation delay time 
(logic inputs to output) 
as a function of load capacitance. 
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Fig. 11 — Typical transition time vs. load capacitance. 
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Fig. 12 — Typical power dissipation as a function of 
input frequency. 


199 


CD4048B Types 


DYNAMIC CHARACTERISTICS at T ,=25°C, C; =50 pF, Input t,,ts=20 ns, 
R,_=200 k{Q2 unless otherwise specified 


TEST CONDITIONS LIMITS 
All Package Types UNITS 
Y | Max. | 


600 
0 


CHARACTERISTIC 


< 
\S) 
7] 


+ 
< 
xo) 


Propagation Delay: tpyy,.tp_y 
Inputs to Output and 
Ka to Output 


Kb to Output 


_-_ 
oo ol 
—_— = GW 
N o1O 
oo °O 
NO WwW 
+ Oo 
Bes 


Ke to Output 


Expand Input to Output 


3-State Propagation Delay: 
Kd to Output tpy7, tp, 7 


'PZH-tPZL 


R i=l kQ 
See Fig.21 


PULSE 
GENERATOR 


NOR J=A+B+C+D+E+F+G+H 
OR J=A+B+C+D+E+F+G+H 
al OR/AND | J=(A+B+C+D)-(E+F+G+H) 
ii OR/NAND | J=(AtB+C+D)(E+F+G7H) 
AND J=ABCDEFGH 
NAND J=ABCDEFGH 
AND/NOR |J=ABCD+EFGH 
AND/OR-_|J=ABCD+EFGH 


Kq=! Normal Inverter Action 


] 


NOU Dh ww 


li 


- = = = © OC OO 


92CS-31668 


Ky=0 High Impedance Output 


Fig. 13 — Dynamic power dissipation test circuit. 


EXPAND Input=0 * See Figs. 1,2,3,4, and 5. 


TEST CIRCUITS - STATIC MEASUREMENTS 


Voo 
INPUTS OUTPUTS INPUTS 
Vop NOTE 
ron + i (2) ‘ MEASURE INPUTS 
7 © SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vsg: 
= CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: Vop OR Vgs° 
Vss 


TEST ANY COMBINATION Vee 
OF INPUTS 


92CS-27402 


92CS-2744IRI 


92CS- 2740iRI 
Fig. 14 — Quiescent device current Fig. 15 — Input voltage test Fig. 16 — Input current test circuit. 
test circuit. circuit. 
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TEST CIRCUITS - DYNAMIC MEASUREMENTS 


VOD 


INPUT 


NO OW HP WN 


OUTPUT 


@ 


Vss 92CS- 3167! 


Fig. 17 — Test circuit for tpHL- 
(THL: and (TLH (AND) 
measurements. 


°Vss('PHZ ) 
*PZH 


Vss 


92CS- 31669 


Fig. 20 — Test circuit for tp2L- (PZH: tp Zz 
and (pHZ (AND). 


- 4-10 
(0.102-0.254) 


Dimensions and pad layout for CD4048BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~3 inch). 


Fig. 18 — Waveforms for tpHL 
and CPHL (AND). 


74-82 
(1.880- 2. 


=~ 90% 
50% 
a OUTPUT Wace 
tPHL 'THL "TLH 
92€S-22265 


92CS- 22264 


Fig. 19 — Waveforms for tTHL 
and iri HW (AND). 


OUTPUT 


OUTPUT 


92CS-31674 


Fig. 21 — Waveforms for tp >, , tp7H- 
tp, Z: and tpHzZ (AND). 


a 92CS-31670 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual! dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -—3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4049UB, CD4050B Types 


CMOS 


Hex Buffer/Converters Festures: 


High-Voltage Types (20-Volt Rating) 


CD4049UB-—Inverting Type 
CD4050B—Non-Inverting Type 


The RCA-CD4049UB and CD4050B are in- 
verting and non-inverting hex buffers, respec- 
tively, and feature logic-level conversion 
using only one supply (voltage (Voc). The 
input-signal high level (V),,) can exceed the 
Voc supply voltage when these devices are 
used for logic-level conversions. These de- 
vices are intended for use as CMOS to 
DTL/TTL converters and can drive directly 
two DTL/TTL loads. (Vo¢o=5 V, VoLS 0.4V, 
and Io, 2 3.3 mA.) 

The CD4049UB and CD4050B are designated 
as replacements for CD4009UB and CD4010B, 
respectively. Because the CD4049UB and 
CD4050B require only one power supply, 
they are preferred over the CD4009UB and 
CD4010B and should be used in place of the 
CD4009UB and CD4010B in all inverter, cur- 
rent driver, or logic-level conversion appli- 
cations. In these applications the CD4049UB 
and CD4050B are pin compatible with the 
CD4009UB and CD4010B respectively, and 
can be substituted for these devices in existing 
as well as in new designs. Terminal No. 16 is 
not connected internallyon the CD4049UB or 
CD4050B, therefore, connection to this 
terminal is of no consequence to circuit 
operation. For applications not requiring 
high sink-current or voltage conversion, the 
CD4069UB Hex Inverter is recommended. 


The CD4049UB and CD4050B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


92CS -27507 


CD4050B 
FUNCTIONAL DIAGRAM 
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® High sink current for driving 2 TTL loads 

® High-to-low level logic conversion 

® 100% tested for quiescent current at 20 V 

® Maximum input current of 1 uA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25 C 


#5-, 10-, and 15-volt parametric ratings 


Applications: 

= CMOS to DTL/TTL hex converter 

= CMOS current “sink” or “source” : 92¢5. 27506 
driver CD4049UB 

= CMOS high-to-low logic-level FUNCTIONAL DIAGRAM 
converter 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vcc) 


(Voltages referencedto Vgg Terminal) 2. 2. 2. 2. 2. we ee, —0.5 to +20 V 
INPUT VOLTAGE RANGE,ALLINPUTS. . . .. ... . . . . .) .) =0.5 to +20.5 V 
DC INPUTCURRENT, ANY ONEINPUT . . . . . . . . . ee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40to +60°C (PACKAGE TYPEE) . . . . . . . 2. ee 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) . . . . . Derate Linearly at 12 mW/°C to 200 mw 

For Ta = —55 to +100°C (PACKAGE TYPES D,F,K). . . . . . . . . . .) . ~~) 500 mw 

For Ta = +100 to +125°C (PACKAGE TYPES D,F,K) . . Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D,F,K,H. ©... 2 eee —55 to +125°C 

PACKAGE TYPEG.. . s.4 ¢£ A» & *% » & % & @ Bw 4% & & 4 —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tog). - we eee eee 65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for10smax. . . . . . . +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta=25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 
LIMITS 


CHARACTERISTIC Min. | Max. | UNITS 
Supply -Voltage Range (Vcc) (For Ta=Full Package. 3 18 Vv 
Temperature Range) 
Input Voltage Range (Vij) 


“The CD4049 and CD4050 have high-to-low-level voltage conversion capability but not 
low-to-high-level; therefore it is recommended that Vijyy 2 Vcc: 


Vcc 
aL: 
R OUT 
: U 
N 


Vcc 


(a) (b) 
92CS-201I7RI 
Fig. 1—a) Schematic diagram of CD4049UB, 1 of 6 identical units; 
b) Schematic diagram of CD4050B, 1 of 6 identical units. 


STATIC ELECTRICAL CHARACTERISTICS 
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DRAIN - TO- SOURCE VOLTAGE {Vps)—-V 


-27 Ri 
92CS- 27483 92C5-27484RI 


Fig. 5 — Minimum output low (sink) current Fig. 6 — Typical output high (source) current 
drain characteristics. characteristics. 


AMBIENT TEMPERATURE (Ta) 25°C 


SUPPLY VOLTAGE (Vcc)*5 V 


OUTPUT VOLTAGE (Vo) —Vv 


INPUT VOLTAGE (V7)—Vv 
92CS-20479R| 


Fig. 2—Minimum and maximum voltage 
transfer characteristics for CD4049UB. 


OUTPUT VOLTAGE (Vo)—v 


INPUT VOLTAGE (Vy)—Vv 
92CS- 20480 


Fig. 3—Minimum and maximum voltage 
transfer characteristics for CD4050B. 


OUTPUT LOW (SINK) CURRENT (Io,.)—mA 


| 2 3 4 $ 6 7 
DRAIN-TO - SOURCE VOLTAGE (Vps)- V 


92CS- 27482R! 


Fig. 4 — Typical output low (sink) current 
characteristics. 
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Fig. 7 — Minimum output high (source) current 


characteristics. 
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CD4049UB, CD4050B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T,=25°C; Input t,,tg=20 ns, fe a aE 


Hehehe 
C,=50 pF, Ry =200 kQ oe 
if N . 


Pee 
CHARACTERISTIC — ALL Pee UNITS 


Typ. | Max. 

Propagation Delay Time: ee en ae 

Low-to-High, tp y 
cp4o4guB|_10_ | 5 | 45 | 9 


OUTPUT VOLTAGE (Vo)—Vv 


23 4 5 7 8 9 0 
INPUT VOLTAGE (Vy )— Vv 
92CS-20463 
Fig. 8 — Typical voltage transfer charac- 
teristics as a function of temperature 
for CD4049UB. 


pee gee 


SUPPLY VOLTAGE ce lov aoe Bae ; 
Hi Sia sesssseses ttt 
$i:: Seeeittstaze eeseecs 
pe gg +t HHH cosas t4 . 4 

: ees sees R 


High-to-Low, tpyy, 


jio =| 10 | 20: | 40 
a ae oe 


He 


CD4050B 


OUTPUT VOLTAGE (Vo)—Vv 


Transition Time: 
Low-to-High, trLy 


o i234 5 6 7 8 9 #10 
INPUT VOLTAGE (Vy iv 
92CS~20484 


Fig. 9 — Typical voltage transfer charac- 
teristics as a function of temper- 
ature for CD4050B. 


AMBIENT TEMPERATURE ii aes aia (aE 
| aees © PA Aa 


High-to-Low, tTHL 


Input Capacitance, Cijy 
CD4049UB 
CD4050B 


LOAD CAPACITANCE (C, )= 50 pF 
( lipF FIXTURE + 39 pF EXT) 


POWER DISSIPATION PER INVERTER-ypW 


2 468 2- 468 2 468 2 46 
10 0? 103 104 . 
INPUT FREQUENCY (f) kHz 
. . . _ 928-3681 
Fig. 10 — Typical power dissipation vs. frequency 
= = characteristics. 

2 108] AMBIENT TEMPERATURE (Ta) =25°C | 11h sana 5 
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~ ao 8 Oo 

e a= é 

ws HH * 

- 2) ae OREN SKI GE E 

Ge a ae wie w 

W emai S 

z mall = 

memes! & 

a oH a 

i 2 

Fs mall cS) 

E Cot F 

a -—t+—+ +14 a 

FA To G 

4 5 
(=) 

° 

& Sismeniieniin a 
a 

or rr ima 
10 107 103 10° 10° 10° 10” 108 
INPUT RISE AND FALL TIME (t, ,ty )—ns aeceeeasene INPUT RISE AND FALL TIME (t, ty) — A 92¢$-20491R2 
Fig. 11 — Typical power dissipation vs. input Fig. 12 — Typical power dissipation vs. Fig. 13 — Quiescent device current 
rise and fall times per inverter for input rise and fall times per test circuit. 
CD4049UB. inverter for CD4050B. 
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CD4049UB, CD4050B Types 


COS/MOS 10 V LEVEL TO OTL/TTL 5 V LEVEL 


Yec Voc COS/MOS OUTPUT 
t IN TO OTL/TTL 
INPUTS OUTPUTS INPUTS 7 poms nee 
Vin Yec nore +10 VeV 
IH +5 V"Von 
+ = MEASURE INPUTS | | | | 
ane Ow) (1) SEQUENTIALLY, 
Hi 7 Vss TO BOTH Vcc AND Vg5 OrViL O04 
= CONNECT ALL UNUSED 
bs ___] INPUTS TO EITHER 
OTE: _ 
ROE arses apie: | Vee OR Veg IN TERMINAL — 3,5,7,9,11,ORI4 
Vss WITH OTHER INPUTS AT Vss OUT TERMINAL — 2,94,6,10,12, OR 15 
Vec OR Vss Voc TERMINAL — I 
92CS- 28470 " “ Vss TERMINAL — 8 92CS-20118R) 
Fig. 14 — Input voltage test circuit. Fig. 15 — Input current test circuit. 
Fig. 16 — Logic-level conversion application. 
CHIP PHOTOGRAPHS 
DIMENSIONS AND PAD LAYOUTS 
O 10 20 30 40 OG « oF 
| 
oe = || 
70 — O 10 20 30 40 50 60 67 
68 — 
60 — 60 
ou = 50 
40— 7\-79 “ae 65-73 
(1.803-2.006) (1.651—-1.854) 
30 
30— 
20 
20 = 
10 
lio — 


4-10 
Le 75145 !Posa 


Oo— 
= 4-10 (1626-1828) — 
(0.102-0.254) ; 
hep oy 92CM- 33556 CD4050BH 


( L.a72=-1.5 

CD4049UBH 

; . . : en The photographs and dimensions of each CMOS chip 
Dimensions in parentheses are in millimeters and are represent a chip when it is part of the wafer. When the 
derived from the basic inch dimensions as indicated. wafer is separated into individual chips, the angle of 
Grid graduations are in mils (10-2 inch). cleavage may vary with respect to the chip face for 


different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


TERMINAL ASSIGNMENTS 


e 

a 
e 
a 


NC (OKHz, 
KrE 100 KHz, |MHz 


N Mow 2 WN — 


@anave wn 
@ 


@Oxnnve un 


=> CL INCLUDES 
NC NO CONNECTION 92CS-24480R1 NC = NO CONNECTION 92C5-24481RI A rune capaaliiace 


92CS- 36679 
CD4049UB CD4050B Fig. 17 - Dynamic power dissipation test circuit. 
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CD4051B, CD4052B, CD4053B Types 


CMOS Analog 


Multiplexers/Demultiplexers* 


With Logic-Level Conversion 


High-Voltages Types (20-Volt Rating) 


CD4051B — Single 8-Channel 
CD4052B — Differential 4-Channel 
CD4053B — Triple 2-Channel 


RCA-CD4051B, CD4052B, and CD4053B 
analog multiplexers/demultiplexers are digi- 
tally controlled analog switches having low 
ON impedance and very low OFF leakage 
current. Control of analog signals up to 
20 V peak-to-peak can be achieved by digi- 
tal signal amplitudes of 4.5 to 20 V (if 
Vpp-Vss = 3 V, a VDD-VEE of up to 13 
V can be controlled; for Vpp-VEE level 
differences above 13 V, a Vpp-Vss of at 
least 4.5 V is required). For example, if 
Vpp = t4.5V, Vsg =0, and VEE = —13.5 V, 
analog signals from —13.5 V to +4.5 V can 
be controlled by digital inputs of Oto 5 V. 
These multiplexer circuits dissipate extremely 
low quiescent power over the full Vpp-VSs 
and Vpp-VEE supply-voltage ranges, inde- 
pendent of the logic state of the control 
signals. When a logic ‘1’’ is present at the 
inhibit input terminal all channels are off. 


The CD4051B is a single 8-channe! multi- 
plexer having three binary control inputs, A, 
B, and C, and an inhibit input. The three 
binary signals select 1 of 8 channels to be 
turned on, and connect one of the 8 inputs 
to the output. 

The CD4052B is a differential 4-channel multi- 
plexer having two binary control inputs, A 
and B, and an inhibit input. The two binary 
input signals select 1 of 4 pairs of channels 
to be turned on and connect the analog in- 
duts to the outputs. 


The CD4053B is a triple 2-channel multi- 
plexer having three separate digital control 
inputs, A, B, and C, and an inhibit input. 
Each contro! input selects one of a pair of 
channels which are connected in a single- 
pole double-throw configuration. 


The CD4051B, CD4052B, and CD4053B are 
supplied in 16-lead ceramic dual-in-line 
packages (D and F suffixes), 16-lead plastic 
dual-in-line packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and inchip 
form (H suffix). 


* When these devices are used as demultiplexers, 
the “CHANNEL IN/OUT” terminals are the 
Outputs and the ‘‘COMMON OUT/IN” terminals 
are the inputs. 
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CHANNELS ) 4 1e 
IN/OUT (6 2 
COM OUT/IN 3 
° ° . 7 4 
Applications: aes. 
® Analog and digital multiplexing and demultiplexing : 
# A/D and D/A conversion ® Signal gating Vss —18 
* CHANNELS 92€5 2 
Features: . 
@ Wide range of digital and analog signal 
levels: digital 3 to 20 V, analog to CD4051B 
20 Vp-p Terminal Assignment 


® Low ON resistance: 125 {2 (typ.) over 15 
Vp-p signal-input range for VD p-VEE = 15 V 

™ High OFF resistance: channel leakage of 
+100 pA (typ.) @ Vpop VEE =18V 

® Logic-level conversion for digital addressing 
signals of 3 to 20 V (Vpp-Vssg = 3 to 20 
V) to switch analog signals to 20 V p-p 
(VppD-VEE = 20 V); see introductory text 

= Matched switch characteristics: RON = 


~ 0) 1e Vv 
5 22 (typ.) for VDD-VEE = 15 V "GN/OUT ip 2 a CHANNELS 
= Very low quiescent power dissipation under COMMON "Y" OUT/IN —4 3 IN/OUT 
aa “ 3 4 COMMON" X" OUT/IN 
under all digital-control input and supply es a ame Pci eieritet 
conditions: 0.2 uW (typ.) @ Vpp-Vss = INH —16 3{ IN/OUT 
VpD-VEE = 10 V ak : 


® Binary address decoding on chip 
92CS-24483 
a 5-,10-, and 15-V parametric ratings CD4052B 
= 100% tested for quiescent current at 20 V Terminal Assignment 
u 


Maximum input current of 1 ZA at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

= Break-before-make switching eliminates 
channel overlap 


RECOMMENDED OPERATING CONDITIONS AT T, =25°C (Unless Otherwise Specified) 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. Values shown apply to all types except as noted. 


Supply-Voltage Range * In certain applications, the external load-resistor 
(Ta = Full Package- current may include both Vpp and signal-line 


Temp. Range) 


components. To avoid drawing Vpp current 
when switch current flows into the transmission 


, ‘ gate inputs, the voltage drop across the bidirec- 
Multiplexer Switch eUs tional switch must not exceed 0.8 volt (calcu- 
Current Capability* lated from RO values shown in ELECTRICAL 


: CHARACTERISTICS CHART). No Vpp cur- 

Output Load Resistance rent will flow through Ry, if the switch current 
flows into terminal 3 on the CD4051:; terminals 

3 and 13 on the CD4052; terminals 4,14, and 15 


on the CD4053. 


by \e Yoo 
IN/OUT < bx 2 OUT/IN bx or by 
cy 3 OUT/IN ax or ay 
OUT/IN CX or CY 4 ay 
IN/OUT CX 5 ax NAOT 
NH 6 A 
VEE 7 ) 
Vss 8 c 
92CS-24484 
CD4053B 
Terminal Assignment 


CD4051B, CD4052B, CD4053B Types 


- MAXIMUM RATINGS, Abso/ute-Maximum Values: 


amr ce] 

~ DE SUPPLY-VOLTAGE RANGE, (Vpp) | } Siventeceececccces H 
=. (Niltages referenced to Vg or Veg, whichever is more negative) . 2 © 2 —0.5 to +20 V > ITH EELH beramenen TEMPERATURE ; HE 
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OPERATING-TEMPERATURE RANGE (Ta): 
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Fig.7 — Typical channel ON resistance vs. input 
Fig. 3 — Functional diagram of CD4053B. signal voltage (all types). 
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CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS 


LIMITS at Indicated Temperature (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 


Vis Vee |Vss |Vpp ! Values at -40, +25, +85 ae seme 
(v) | (v) | (vy) 85 | 40 | +85 | ee 
+ 
in Tye | Wn 
SIGNAL INPUTS (Vjs) AND OUTPUTS (Vos) 
Quiescent Device| | ~—s | ~—s 1.5 | 5 | 5 | 150 | 150 See af 
Current, Dp pp 300| — | 
max: pe fa Pena for Ta 


[20 [700-[ 7100 [3000 |s000} — [0.08 | 100 


Tetela late 1200 |1300 aaa 
22 


CONDITIONS 


CHARAC- 
TERISTIC 


On-State 
Resistance 
0< Vis <Vpp 


| 0 | oO | 10 [310] 330 | 520 [550] — | 
| Oo | 0 {15 | 200} 210 | 300 [320] - | 125 | 240 _| 


Sean Ce 
Tt [fo | a 
“5 Pak ha ee 


AMBIENT TEMPERATURE(Ta) + 25°C a 1 
ALTERNATING “"O" AND "1" age, ‘i 
LOAD Te ) = 50 oe, ia 


Change in On- 
State Resistance 
(Between Any 
Two Channels) 


Avon 


OFF Channel 
Leakage Current: 


Any Channel 
OFF Max. 


All Channels 
OFF (Common 
OUT/IN) Max. 


Capacitance: 
Input, C; 
Output, Cos 

CD4051 

CD4052 

CD4053 

Feedthrough, 

Cios 


Propagation Delay 
Time (Signal In- 
put to Output 


Voo * +15 V Yoo * +75 V 
O 


seliv es ian 
mar ai Icon 


1 sotimatimen 


102 


POWER DISSIPATION/PACKAGE (Pp) —y.W 
3 
uw 


Vsg * OV 


aad ~ - The ADDRESS (digital-control inputs) and INHIBIT logic levels are: 
“0” = Vgs and ‘1° = Vpp. The analog signal (through the TG) may 


‘ani ene, kHz 
92CS - 22720R1 


Fig.11 — Typical dynamic power dissipation swing from VEE to Vop. 
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POWER DISSIPATION/PACKAGE (Pp) — pW 
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INPUT SIGNAL VOLTAGE (V,.) — VOLTS 
92CS-22717RI 
Fig.8 — Typical ON characteristics for 
1 of 8 channels (CD4051B). 


AMBIENT TEMPERATURE(Ta) = 25°C. 
ALTERNATING "O" AND "I" PATTERN 
LOAD CAPACITANCE(C,) = 50 pF 


rH ans | | 
See eee 
BEA22eie 


102 


| 
. 


10 102 103 104 105 
SWITCHING FREQUENCY(f) — kHz 
92CS-22718Ri 


Fig.9 — Typical dynamic power dissipation 
vs. switching frequency (CD4051B). 


ALTERNATING “O" AND "I" PATTERN 
LOAD CAPACITANCE (C,)=50 pF 
6 


| 10 03 104 105 
— a ae in kHz 
92CS-22719R) 
Fig.10 — Typical dynamic power dissipation 
vs. switching frequency (CD4052B). 


92CS- 20088RI 


vs. switching frequency (CD4053B). Fig.12 — Typical bias voltages. 
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CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS (Cont’d) INPUT STATES | 


INHIBIT GOches CHANNEL(S) 
CD4051B 


LIMITS at Indicated Temperature (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H, Pkg 


Vis | Vee |Yss |Vpp | Values at —40,+25,+85, apply to E pkgs 
(v) | (Vv) | (v) | (Vv) 85 | 40 | +85 | eee 
+ + Min 


CHARAC.- 
TERISTIC 


cle 


0 
pofols | | caueneee 
| | 2000 
CONTROL (ADDRESS or INHIBIT) Vc 0 a a a eee 
Input Low 0 fo | 0 scenes _ 
Voltage, Vy ‘5 ' se _ 0 ae 9 a 
Max. EE=vSs : : 0 114 6 
RE=1kQ | - | 3 0 a 
| ee fee 3 =o 
Input High lis< 2 yA 3.5 3.5] - | =| SAnEon 
Voltage, Vi yy on all OFF [10__ U sea . 
Min, channels [2 [sn] = | : 


Input Current, 
+0.1} +0. | 


Propagation 
Delay Time: 
Address-to- 
Signal OUT 
(Channels ON 
or OFF) See 
Figs.14,15,18 


; ; | sor bia 
Lo 1 ay or by or cy 
| 1 [| x 


| — | 
ee! 
i NONE 
400 720 X = Don't care 
| — | 
| — | 
; 
= 
— 


Inhibit-to- 
Signal OUT 
(Channel turn- 
ing ON) 


See Fig. 14 


Fig. — Truth tables. 
| 160 | 320 | ee ie eee 


Inhibit-to- 
Signal OUT 
(Charinel turn- 
ing OFF) 


See Fig. 15 
Input 
Capacitance, Cj, 
(Any Address 

or Inhibit Input) 


7.5 | pF TURN-OFF T!ME- 
92C8-27042Ri 


Fig.14 — Waveforms, channel being 
turned ON (Ry = 7 kQ). 


TEST CIRCUITS 


TURN-ON TIME 
‘pz 92CS-27043RI 


Fig.45 — Waveforms, channel being 
turned OFF (R, = 1k 1. ). 


CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) TEST CIRCUITS (Cont'd) 
TEST CONDITIONS - 
CHARACTERISTIC [_———_| 
| 16 
a is 
. \4 


Cutoff (—3-dB) 
Frequency 
Channel ON 
(Sine Wave Input) 


OanNnOWA WN 


Total Harmonic 
Distortion, 


THD 
fis = 1 kHz sine wave 


bab | s®}i0 | oa 


i 


Feedthrough & i= 
Frequency ae os 
(All Channels OF F) as ap | | 

~ 5 

6 

7 

8 


—40-dB 

Signal Crosstalk , 
Frequency V 
20 log = —40dB Between 


Address-or-Inhibit- | VEE=0.Vss=9, ty, tf 
to Signal Crosstalk | =20s, Vc = VDD 
—Vss(Square Wave) 


BND WEA WD 


© Peak-to-peak voltage symmetrical about Vpp — VEE =  coaoss = MS 72788 
2 Fig.17 — OFF channel leakage current — all 
# Both ends of channel channels OFF. 
VoD 


OUTPUT OUTPUT 


ONDA PWD — 
@anNOVS Wr - 
DNOAVDS wn - 


CD0405! 
CD04052 CD4053 92CS - 2P7OI4RI 


Fig.18 — Propagation delay — address input to signa/ output. 


OUTPUT OUTPUT 


Vee CLOCK 
Ss IN VEE 
Vss 


| | 

é 2 
3 3 
4 4 
5 5 
6 6 
Fd 7 
8 8 


DONO Ah WH — 


Vss Vss Vss 
tpHL AND teLy tpH_ AND tpiy tpH_ AND tery 


CD4051 CD4052 CD4053 
Fig.19 — Propagation delay — inhibit input to signa/ output. . 


210 ; 


92CS- 30932 
MEASURE <2 pA ON ALL 
"OFF" CHANNELS (e.g. CHANNEL 6) 


MEASURE <2 porn ALL 
"OFF" CHANNELS (e.g CHANNEL 2x) 


CD4051B, CD4052B, CD4053B Types 


TEST CIRCUITS (Cont'd) 


NOON D Wp 


@ 


8 
CD4053B8 


92CS- 30934 CD4051 
92CS- 30933 CD4053 


— = 92CS - 27047 
MEASURE <2 yA ON ALL 


"OFF" CHANNELS (e.g CHANNEL by) 


Fig. 20 — Input voltage test circuits (noise immunity). 


KEITHLEY 
Yoo 160 DIGITAL 
MULTIMETER 


7 <= 
SS PLOTTER 


92cs-22716 


Fig.22 — Channel ON resistance 
measurement circuit. 


92CS-27049 


Fig.24 — Feedthrough (all types). 


CHANNEL IN X 
ON OR OFF 


92CS-27051 


Fig.26 — Crosstalk between duals or triplets 
(CD4052B, CD40538). 


Yoo 


| 
! 2 
2 3 
3 4 
4 5 
5 6 
Yop Vv 
6 ° 7 Pe DD 
¢ t=) —., 8 —_Q—a 
i Vv 
Yss Vss__CD4052 nes ss 
NOTE: MEASURE INPUTS 
MEASURE INPUTS SEQUENTIALLY, TO BOTH 


SEQUENTIALLY, TO BOTH 
Vpp AND Vgg CONNECT 


ALL UNUSED INPUTS TO 92CS -27048 
EITHER Vpp OR Vss. 


Vop AND Vss CONNECT 
ALL UNUSED INPUTS TO 
EITHER Vop OR Vss. 


Fig. 23 — Input current. 


CHANNEL 
OFF 


CHANNEL 
.ON 


COMMON 


CHANNEL 
ON 


CHANNEL 
OFF 


= 92CS- 27050 


Fig.25 — Crosstalk between any two channels (all types). 


FERENTIAL 
mY cone 6 CD4052 CD4052 


( 


COMMUNICATIONS 
LINK 


OFF DIFF. 
AMPLIFIER / RECEIVER 
LINE DRIVER 


OIFF. DEMULTIPLEXING 
MULTIPLEXING 


92CS- 27052 


Fig.27 — Typical time-division application of the CD4052B. 
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CD4051B, CD4052B, CD4053B Types 


SPECIAL CONSIDERATIONS 102 
O 1Q0 


In applications where separate power sources 89- 
are used to drive Vpp and the signal inputs, 
the Vpp current capability should exceed 
Vpoo/Ri (Ri = effective external load). This 
provision avoids permanent current flow or 
clamp action on the Vpp supply when power 
is applied or removed from the CD40518, 

CD40528, or CD40538. aia ~94 
(2.184 - 2.388) 


} 
_ 


99 - oy 
(2.515-2.718) 


92CM-35069 


Dimensions and pad layout for CD4051BH. 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid Graduations are in Mils (10—3 inch). 


0 10 20 30 40 50 60 70 80 88 
2 ee eee ae eee ee ee ee 83 


Oo 10 20 30 40 50 60 70 80 
6 | || | | 
80 -— poet 
70 : 
[em 
60— ——— 
82 - 90 2 = 
~= | 


(2.083-2.286) 5 


= ve 


- nN ww Fs 
eb 
| 


= 4-10 
(0.102-0.254) 


80 -88 
(2.032-2:299) 


92CS- 35067 
(2.159- 2.362) 
92CS-35068 
Dimensions and pad layout for CD4052BH. Dimensions and pad layout for CD40538H. 
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CMOS Liquid-Crystal 


Display Drivers 
High-Voltage Types (20-Volt Rating) 
CD4054B — 4-Segment Display Driver 


CD4055B — BCD to 7-Segment Decoder/Driver with 


“Display-Frequency”’ Output 


CD4056B — BCD to 7-Segment Decoder/Driver with 


Strobed-Latch Function 


The RCA CD40558 and CD4056B types are 
single-digit BCD-to-7-segment decoder/driver 
circuits that provide level-shifting functions 
on the chip. This feature permits the BCD 
input-signal swings (Vpp to Vss) to be the 
same as or different from the 7-segment 
output-signal swings (Vpp to VEE). For 
example, the BCD input-signal swings (Vpp 


to Vgs) may be as small as 0 to —3 V, where- 


as the output-display drive-signal swing (Vpp 
to Veg) may be as large as from Oto —15V. 
If Vpp to Veg exceeds 15 V, Vpp toVss 
should be at least 4V (0 to —4V). 

The 7-segment outputs are controlled by 
the DISPLAY-FREQUENCY (DF) input 
which causes the selected segment outputs 
to be low, high, or a square-wave output 
(for liquid-crystal displays). When the DF 
input is low the output segments will be 
high when selected by the BCD inputs. 
When the DF input is high, the output 
segments will be low when selected by the 
BCD inputs. When a square-wave is present 
at the DF input, the selected segments will 
have a square-wave output that is 180° out 
of phase with the DF input. Those segments 
which are not selected will have a square- 


wave output that is in phase with the input. 


DF square-wave repetition rates for liquid- 
crystal displays usually range from 30 Hz 
(well above flicker rate) to 200 Hz (well 
below the upper limit of the liquid-crystal 
frequency response). The CD4055B pro- 
vides a level-shifted high-amplitude DF out- 
put which is required for driving thecommon 
electrode in liquid-crystal displays. The 
CD4056B provides a strobed-latch function 
at the BCD inputs. Decoding of all input 
combinations on the CD4055B and CD4056B 
provides displays of 0 to 9 as well as L, P, 
H, A, —, and a blank position. 


The CD4054B provides level shifting similar 
to the CD4055B and CD4056B independently 
strobed latches, and common DF control on 
4 signal lines. The CD4054B is intended to 
provide drive-signal compatibility with the 
CD4055B and CD4056B 7-segment decoder 
types for the decimal point, colon, polarity, 
and similar display lines. A level-shifted 
high-amplitude DF gutput can be obtained 
from any CD4054B output line by connect- 


CD4054B, CD4055B, CD4056B Types 


Features: 


@ Operation of liquid crystals with CMOS 
circuits provides ultra-low-power displays 


® Equivalent ac output drive for liquid- 


crystal displays — no external capacitor required 2 


= Voltage doubling across display, e.g. 


Vpp — VEE = 18 V results in effective 


36 V p-p drive across selected display 
segments 

= Low- or high-output level dc drive for 
other types of displays 


® On-chip logic-level conversion for different 


input- and output-level swings 


® Full decoding of all input combinations: 


0-9, L, H, P, A,-, and blank positions 


® Strobed-latch function—CD4054B Series 


and CD4056B Series 
® DISPLAY-FREQUENCY (DF) output 


for liquid-crystal common-line drive signal— 


CD4055B Series (CD4054B Series also: 
see introductory text) 


= 100% tested for quiescent current at 20 V 
@ Maximum input current of 1 uA at 18 V 


over full package temperature range; 
100 nA at 18 V and 25°C 


® Noise margin (over full package temper- 


ature range): 
1VatVpp=5V 
2V at Vpp = 10 V 
2.5 V at Vpp = 15 V 
# 5-V,10-V, and 15-V parametric ratings 


Applications 

® General-purpose displays 
® Calculators and meters 

® Wall and table clocks 

®@ Industrial control panels 
® Portable lab instruments 
®™ Panel meters 

® Auto dashboard displays 
® Appliance control panels 


ing the corresponding input and strobe lines 
to a low and high level, respectively and 
applying a square wave to DFiy. The 
CD4054B may also be utilized for logic-level 
“‘up conversion” or ‘down conversion’. For 
example, input-signal swings (Vpp to Vss) 
frum +5 to O V can be converted to output- 
signal swings (Vpp to VEE) of +5 to -5 V. 
The level-shifted function on all three types 
permits the use of different input- and out- 
put-signal swings. The input swings from a 
low level of Vss to a high level of Vpp while 
the output swings froma low level of VEE to 
the same high level of Vpp. Thus, the input 
and output swings can be selected indepen- 
dently of each other over a 3-to-18 V range. 
Vss may be connected to VEE when no 
level-shift function is required. 


For the CD4054B and CD4056B, data are 


STROBE 


aco } 2! 
oy) 23 
20 

DIS. FREQ. IN 
VEE 

Ygs 


1e@ 
2 
3 
4 
5 
6 
7 
8 


*% 7-SEGMENT 
OUTPUTS 
92CS- 24487 


CD4056B 
Terminal Assignment 


STROBE 4 


_ 


Yoo 


DISPLAY FREQ. IN 2 IN4 
OUT 4 3 STROBE 3 
OUT 3 4 IN3 
OuT 2 5 STROBE 2 
OUT! 6 IN2 
VEE t STROBE | 
Vss 8 INI 


92CS-24485 


CD4054B Terminal Assignment 


DISPLAY FREQ.OUT —4!@ Yoo 
22 2 f 
pcp ) a2! 3 Q 
INPUTS ) 23 4 e 
5 . : | 7-SEGMENT 
TPUT 
DISPLAY FREQ. IN 6 c | ™ 
EE 7 b 
Vss 8 a 


92CS-24486 


CD40558 Terminal Assignment 


transferred from input to output by placing 
a high voltage level at the strobe input. A 
low voltage level at the strobe input latches 
the data input and the corresponding output 
segments remain selected (or non-selected) 
while the strobe is low. 


Whenever the level-shifting function is re- 
quired, the CD4055B can be used by itself 
to drive a liquid-crystal display (Fig.16 and 
Fig.20). The CD4056B, however, must be 
used together with a CD4054B to provide 
the common DF output (Fig.19). The capa- 
bility of extending the voltage swing on the 
negative end (this voltage cannot be extended 
on the positive end) can be used to advantage 
in the setup of Fig.18. Fig..17 is common 
to all three types. 


The CD4054B-, CD4055B-, and CD4056B- 
series types are available in 16-lead ceramic 
dual-in-line packages (D and F suffixes), 16- 
lead plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 
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CD4054B, CD4055B, CD4056B Types 
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ee See 
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FREQ. IN 
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ALL INPUTS ARE 
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92CS-20092R2 


Fig.1 — CD4054B functional diagram. 
Fig.2 — CD4055B functional diagram. 
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Fig.3 — CD4056B functional diagram. 


TRUTH TABLE FOR CD4055B and CD4056B 


v 


INPUT CODE 
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PROPAGATION DELAY TIME (t 
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aneesen 


LOAD CAPACITANCE (CL)— pF 
92CS-28489 


Fig.4 — Typical propagation delay time vs. 
load capacitance for CD4054B. 
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Fig.5 — Typical propagation delay time vs. load 
capacitance for CD4055 and CD4056B. 


TRANSITION TIME ( tron. !tHL)— As 


0 20 40 60 80 100 
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92CS-28490RI 
Fig.6 — Typical transition time vs, 
load capacitance. 
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INPUT CLOCK FREQUENCY (fc) — kHz 


92CS~-26393R) 


Fig.7 — Typical input clock frequency vs. 
power dissipation. 


CD4054B, CD4055B, CD4056B Types 


Maximum Values: 


(Vpp) 


Absolute 


MAXIMUM RATINGS 


DC SUPPLY 


Seer ee 
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VOLTAGE RANGE 


. -0.5 to +20 V 


... 0.5 to Vpp +0.5 V 


(Voltages referenced to Vgg Terminal) 


INPUT VOLTAGE RANGE 
DC INPUT CURRENT 


ALL INPUTS. «.ccsussasass 


ANY ONEINGUT sscdesccechsavass ous udewaaeacuonetedsteebeae sen caswes 


POWER DISSIPATION PER PACKAGE (Pp): 


+10 mA 


CG (PACKAGE TYPE ©)... 


= -40 to +60° 


For Ta 
For Ta 


.. Derate Linearly at 12 mW/°C to 200 mW 


C\((PACKAGE TYPE E) s.csisscces cic 
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For T, = -55 to +100° 


Kvenene 


. 500 mW 


Derate Linearly at 12 mW/°C to 200 mW 
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C (PACKAGE TYPES D 


Ky aaeesazses 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
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C (PACKAGE TYPES D 


For Ta = +100 to +125° 
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TEMPERATURE RANGE (All Package Types) ..............--- 


TEMPERATURE RANGE (T a): 


FULL PACKAGE 


OPERATING 


For Tp 


. -§5 to +125°C 


PAGKAGE TYPES 0, F,.Ky i. sscccas 


20 
92CS- 35983 


v 


(5 


10 
DRAIN-TO-SOURCE VOLTAGE (Vpg)— 


5 
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Fig.8 — Typical n-channel output low (sink) 
current characteristics. 


+265°C 


+0,79:mm) from case for JOS MAN. 2<saceccecenscvvoss sansa 


+ 1/32 inch (1.59 
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STATIC ELECTRICAL CHARACTERISTICS 


Values at -55, +25, +125 Apply to D, F, K, H, Packages 
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— Minimum n-channel output low (sink) 
current characteristics. 
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Fig.10 — Typical p-channel output high (source) 
current characteristics. 
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NOTE: 


TEST ANY COMBINATION 
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Fig. 13 — Minimum p-channel output high 
(source) current characteristics. 


Fig. 12 — Input-voltage test circuit. 


Fig. 11 — Quiescent-device-current test circuit. 
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CD4054B, CD4055B, CD4056B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Cy = 50 pF, Input t,,t¢ = 20 ns 


LIMITS 


CONDITIONS 


CHARACTERISTIC 
(V) 


.| Propagation Delay Time, 


tPHL,TPLH 
(Any Input to Any Output) 


Transition Time, tTHL.ATLH 


(Any Output) 


Minimum Data Setup 
Time, ts* 


Minimum Strobe Pulse 
Width, ty" 


Input Capacitance, Ci, 
(Any Input) 


* CD4054 and CD4056 only. 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C (Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 


is always within the following ranges. 


Supply Voltage Range: 
(At TA = Full Package 
Temperature Range) 


Setup Time (t,)® 


Strobe Pulse Width (ty)® 


© For CD4054 and CD4056 only. 
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Fig. 16 — Clock display: Vpp =9 V, Vgg =—-5 V, Veg = —15 V, DF jp = 30 Hz square wave. 
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DD 
INPUTS 

Voo NOTE: 

or = MEASURE INPUTS 

° SEQUENTIALLY, 

Vss TO BOTH Vpp AND Vss; 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OF Vss: 

Vss 


$2CS-274902 


Fig. 14 — Input-current test circuit. 
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Fig.15 — Data setup time and strobe 
pulse duration. 
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# RESULTANT LIQUID-CRYSTAL SEGMENT WAVEFORM IF DFoyy IS 
APPLIED TO LIQUID-CRYSTAL COMMON LINE 


DF) *DISPLAY-FREQUENCY INPUT 92CS~- 20094RI 
DFoute LEVEL- SHIFTED DISPLAY- FREQUENCY OUTPUT 


(b) 


Fig.17 — Display-driver circuit for one segment line 
and waveforms. 


+5 ANALOG INPUTS (+5 Vv) 


©) Vop* 


DIGITAL 
CONTROL 
INPUTS 


ANALOG OUTPUTS (45 Vv) 
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Fig. 18 — Digital (0 to +5 V) to bidirectional analog 
contro! (+5 to —5 V) level shifter. 
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15 V AMPLITU 


Fig.20 — Single-digit liquid-crystal display. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 

—3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 
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Dimensions and pad layout for CD4054BH, 
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CD4054B, CD4055B, CD4056B Types 


+5V STROBE No.2 
bin STROBE 
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Fig. 19 — Typical 3%-digit liquid-crystal display: 
Vpp = +5 V, Vsg =O V, Vee =-—10 V, 
DF jj~ = 30 Hz square wave. 
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Fig.21 — Conversion of “H” display to “‘F” display. 


In addition to the letters L, H, P, and 
A (See the truth table), five other letters 
can be displayed through the use of simple 
logic circuits preceding and following the 
CD4055B or CD4056B devices. Fig.21 is an 
example of a circuit that converts an ‘‘H” 
display (code 1011) to an “F’’ display. 
One condition that must be met is that 
VeEE=Vss. If VEE#Vss, the CD4054B must 
be used to level shift in the appropriate places. 
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Dimensions and pad layout for CD4055BH 


77-85 
(1.956-2.159) 


In a similar manner the letters C, E, J, and 
U can be displayed. These circuits can also 
be used to drive LED displays provided the 
exclusive-OR gates have sufficient output- 
current drive. 


The letters B, D, G, |, O, and S may be rep- 
resented by the codes for numbers 8, O, 6, 
1, 0, and 5, respectively, when there is pre- 
knowledge that only letters are to be dis- 
played. 


77-85 
(1.956-2.159) 


; . 
L410 
(0.102-0.254) 
(Si Se 9098. 
(2.286- 2.489) 


92CM- 35107 


Dimensions and pad layout for CD4056BH 


217 


CD4060B Types 


CMOS 14-Stage Ripple- 
Carry Binary Counter/Divider 
and Oscillator 


High-Voltage Types (20-Volt Rating) 


Features: 

12 MHz clock rate at 15 V 
Common reset 

Fully static operation 
Buffered inputs and outputs 


The RCA-CD4060B consists of an oscillator 
section and 14 ripple-carry binary counter 
stages. The oscillator configuration allows 
design of either RC or crystal oscillator 
circuits. A RESET input is provided which 
resets the counter to the all-O’s state and 
disables the oscillator. A high level on the 
RESET line accomplishes the reset function. 
All counter stages are master-slave flip-flops. 
The state of the counter is advanced one 
step in binary order on the negative transi- 
tion of dL (and go). All inputs and outputs 
are fully buffered. Schmitt trigger action 
on the input-pulse line permits unlimited 
input-pulse rise and fall times. 


Schmitt trigger input-pulse line 
100% tested for quiescent current at 20 V 


Standardized, symmetrical output 
characteristics 
5-V, 10-V, and 15-V parametric ratings 


Standard No. 13B, “Standard Specifica- 
tions for description of ‘’B’’ Series CMOS 
Devices” 

Oscillator Features: 

= All active components on chip 

® RC or crystal oscillator configuration 


® RC oscillator frequency of 690 kHz 


The CD4060B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (DandF suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 


flat packages (K suffix), and inchip form (H min. at 15 V 
suffix). 
$0 (S) = CT 
a * $2 Qi3 
*o oO : FF2-FFI3 | 
191 @*— So 4+-g >+ x : mB oF 
eee. ees 


Meets all requirements of JEDEC Tentative 


Q4-Q10 
Q12,Q13 
® R*HIGH DOMINATES (RESETS ALL STAGES) Vpp * aL. WHOS: ARE PROTECTED 
& COUNTER ADVANCES ONE BINARY COUNT BY COS/MOS PROTECTION 
ON EACH NEGATIVE - GOING TRANSITION NET WORK 


OF @I (AND $0) 


92CM-29074R2 
ss 


Fig.1 — Logic diagram. 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vsg Terminal) : —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . —0.5 to Vpp +0.5 Vv 
DC INPUT CURRENT, ANY ONé INPUT +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mw 


For Ta = +60 to +85°C (PACKAGE TYPE E) 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K). 


For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta © FULL PACKAGE. TEMPERATURE RANGE (All Package Types) 


OPERATING-TEMPERATURE RANGE (Ta) 


PACKAGE TYPES D,F,.K.A wo 6 a oe ee ee we 
PACKAGE TYPED. « «wea bse at bw ue oO 8 


STORAGE TEMPERATURE RANGE (Torq) 
LEAD TEMPERATURE (DURING SOLDERING) 


At distance 1/16 * 1/32 inch (1.59 * 0.79 mm) from case for 10s max. 
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Derate Linearly at 12 mW/°C to 200 mW 


a se athe Se ol Oe ae wR eS em 500 mW 


100 mw 


Sy ie ol ih Se ia, ey Bee Soe oP ae -55 to +125°C 
Cw ae He Ste ye Se S bre, Mew & oe -40 to +85°C 


65 to +150°C 


+265°C 


19-STAGE 
RIPPLE 
COUNTER 
AND 


92CS-29073RI 


FUNCTIONAL DIAGRAM 


Applications 


® Control counters 
@ Timers 

® Frequency dividers 
@ Time-delay circuits 


92CS-29072 


Fig. 2 — Detail of typical flip-flop stage. 
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Fig. 3 — Typical n-channel output low (sink) 
current characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply to E Package 
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RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 


always within the following ranges 
LIMITS UNITS 
rin, | Max. 


3 


Vop 


Input-Pulse Width, ty (f = 100 kHz) 


Input-Pulse Rise Time and Fall Time, trp, tte 


Input-Pulse Frequency, fox (External pulse source) 


Reset Pulse Width, ty 10 
15 


CD4060B Types 
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Fig. 4 — Minimum n-channel output low (sink) 
current characteristics. 
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Fig. 5 — Typical p-channel output high (source) 
current characteristics. 
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Fig. 6 — Minimum p-channel output high (source) 
current characteristics. 
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Fig. 7 — Typical propagation delay time (Q,, to Q, +1) 


as a function of load capacitance. 
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CD4060B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty, = 25 C, tears ak 20 ns, 


TEST 


CHARACTERISTIC CONDITIONS 


Input-Pulse Operation 


Propagation Delay 
Time, df to 04 Out; 


tPHL, tPLH 


Propagation Delay 
Time, Qn to On+1: 


PHL. tPLH 


Transition Time, 
tTHL. tTLH 


Min. Input-Pulse 
Width, tw 


Input-Pulse Rise & Fall 
Time, tro leg 


Max. Input-Pulse 
Frequency, f 
(External pulse 
source) 


Input Capacitance, C4 
Reset Operation 


Propagation Delay 
Time, tPHL 


Minimum Reset 
Pulse Width, tw 


oan onwH Fs ww NY - 


PULSE 
GENERATOR 
92CS-31254 —— 


Fig. 11 — Dynamic power dissipation test circuit. 
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Fig. 12 — Typical RC circuit. 
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Fig. 9 — Typical transition time as a function 
of load capacitance. 
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Fig. 10 — Typical dynamic power dissipation as a 
function of input frequency. 
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Fig. 13 — Typical crystal circuit. 
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CD4060B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input t,, t= 20 ns, 
C, = 50 pF, Ry = 200 k22 [cont'd] 


| LIMITS 
TEST UNITS 
CHARACTERISTIC <euata ais Vpp 
(V) Typ. 


RC Operation 


adudan-ar Rie Cx=200pF, [ 5 | 18] 215 | 25 | 
=560k2, | 10 | 20] 23 | 26 
quency (Unit-to-Unit) Rs 560 2 | 20] 23 | 26 | 


Ry = 50 k&2 


92CS- 2740iRI 


5V to 10 V Fig. 14 — Quiescent device current. 
10V to 15V 


Variation of Fre- Cy = 200 pF, 
quency with voltage Rs = 560 kQ2, 
change (Same Unit) Ry = 50 kQ 


Ry max. = 

= Yoo 

= INPUTS OUTPUTS 

Vv 

Cy max. Ry = 500 kQ oy ; 

= 300 kQ2 Vib ee 

= 300 kQ2 = 

NOTE: 
Maximum Oscillator Ry =5kQ Vss TEST ANY COMBINATION 
Frequency ~ Cy = 15 pF cae 


Drive Current at Fig. 15 — Input voltage. 
Pin 9 (For Oscillator 
Design) 
Yoo 
INPUTS 
Vop NOTE 
One MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vs; 
CONNECT ALL UNUSED 
- ; ae INPUTS TO EITHER 
RC oscillator applications are not recommended at supply voltages below 7 V for Ry < 50 kQ. Vp OR Vsg- 
Vss 


92CS-27402 


Fig. 16 — Input current. 
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(TOP VIEW) 
40 - apr 92CS-2376IR2 
! 
i a oe i 
20 -i ce 
ae! Dimensions in parentheses are in millimeters and 


are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 


. (0. 102- 0. 254) The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
(2. rb 370) 


wafer is separated into individual chips, the angle of 
92CM-35106 cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
—3 mils to +16 mils applicable to the nomina! 
Dimensions and pad layout for CD4060B. dimensions shown. 
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CD4063B Types 


CMOS 4-Bit Magnitude 


Comparator 


High Voltage Types (20-Volt Rating) 


The RCA-CD40638B is a 4-bit magnitude com- 


parator designed for use in computer and 
logic applications that require the comparison 
of two 4-bit words. This logic circuit deter- 
mines whether one 4-bit word (Binary or 
BCD) is “‘less than’’, ‘‘equal to’’, or “‘greater 
than” a second 4-bit word. 


The CD4063B has eight comparing inputs 
(A3, B3, through AO, BO), three outputs (A 
<B,A=B,A> B) and three cascading inputs 
(A < B, A=B, A> B) that permit systems 
designers to expand the comparator function 
to 8, 12, 16. . . 4N bits. When a single 
CD4063B is used, the cascading inputs are 
connected as follows: (A < B) =low, (A = B) 
=high, (A > B) = low. 


For words longer than 4 bits, CD4063B de- 
vices may be cascaded by connecting the 
outputs of the less-significant comparator to 
the corresponding cascading inputs of the 
more-significant comparator. Cascading in- 
puts (A < B, A =, and A > B) on the 
least significant comparator are connected to 
a low, a high, and a low level, respectively. 


The CD4063B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package : (K suffix), and in chip form (H 
suffix). This device is pin-compatible with 
the standard 7485 TTL type. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating 
conditions should be selected so that 


Features: 


® Expansion to 8, 12, 16....4N bits by cascading units 
® Medium-speed operation: 
compares two 4-bit words 
in 250 ns (typ.) at 10 V 
= 100% tested for quiescent current at 20 V 
= Standardized symmetrical output characteristics 
@5-V, 10-V, and 15-V parametric ratings 
= Maximum input current of 1 vA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (full package temperature range) 
range) = 1 Vat Vpp = 5 V 
2 V at Vpp = 10V 
2.5 Vat Vpp = 15 V 


@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 
= Servo motorcontrols # Process controllers 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vsg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT . 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E)_.. 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI Package Types) 


OPERATING-TEMPERATURE RANGE tee 
PACKAGE TYPES D,F,K,H . . 
PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE ue ) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


Ao A; Aa Az 


CD4063 


(A<B) OUT 


A<B)IN 

aes ee (AsB) OUT 
ae =B)IN (A>B) OUT 
bl(a>B)IN 


Bo 8; 82 83 


operation is always within the following ranges: 


CHARACTERISTIC | 
Supply-Voltage Range 


(For Ta=Full Package- 
Temperature Range) 
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COMPARE 


Ag As Ag Az 


Ba 85 Be B87 


4 
WORD A 


A>B 
CASCADING | y.5 


INPUTS A<B 


WORD B 
4 


92cS-24516 


FUNCTIONAL DIAGRAM 


(TOP VIEW) 
92cS-24523 


TERMINAL ASSIGNMENT 


: —0.5 to +20 V 
-0.5 to Vpp +0.5 V 
: +10 mA 


‘ 500 mW 

Derate Linearly at 12 mw/°C to 200 mW 
500 mW 

Derate Linearly at 12 mW/°C to 200 mW 
100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


Ag Ag Aig Aly 


CD4063 


Bg Bg Bio By 
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CASCADE 
tp TOTAL * tp \INPUTS ) + 2x tp (iwc ).at Vop = 10V 


(3 STAGES) 


= 250 +(2 x 200) = 650 ns (TYP.) 


Fig. 1 — Typical speed characteristics of a 12-bit comparator. 


CD4063B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package UNITS 
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Fig. 2 — Logic diagram for CD40638B. 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ty = 25°C, Input t,, tz= 20ns, C, = 50 pF, R, = 200k2 


CHARACTERISTIC 
Typ. 
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Fig. 3 —- Typical output low (sink) 
current characteristics. 

BREIENT TEWPERRTORE 1-25 ¢ FEET EEE EEE 

j CSCsSEReRTa aueuesgse 

teeter pedo tet tie fia ie tt 


ou —mA 


OUTPUT LOW (SINK) CURRENT (I 


sases 
1°, GGG SSSCESETRESSRSRATERR TRESS 
CULL EELLILLELLELI LEELA ELL 


92CS$ -243519R1 
Fig. 4 — Minimum output low (sink) 
current characteristics. 


DRAIN~TO-SOURCE VOLTAGE (Vps)—V 


-15 -10 -5 ie) 
AMBIENT TEMPERATURE (Ta)=25*ct+} +t Fag 
BOSaeUesERe 7 


sceseece GATE -TO-SOURCE VOLTAGE (Vgs)*-5V 
ase aSES5eaGa8 Hee 


seess Secesceeceseee 


t 
3 
OUTPUT HIGH (SOURCE) CURRENT(L oH)—mA 


92CS-24320R3 


Fig. 5 — Typical output high (source) 
current characteristics. 
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Dimensions and pad layout for CD4063BH. 
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chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 

Fig. 14 — Quiescent-device-current test circuit. of ~3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4066B Types 


CMOS Quad Bilateral 
Switch 


For Transmission or Multiplexing of Analog or 


Digital Signals 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4066B is a quad bilateral switch 
intended for the transmission or multiplex- 
ing of analog or digital signals. It is pin-for- 
pin compatible with RCA-CD4016B, but 
exhibits a much lower on-state resistance. In 
addition, the on-state resistance is relatively 
constant over the full input-signal range. 


The CD4066B consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased On or 
off simultaneously by the control signal. 
As shown in Fig.1, the well of the n-channel 
device on each switch is either tied to the 
input when the switch is on or to Vgg when 
the switch is off. This configuration elimi- 
nates the variation of the switch-transistor 
threshold voltage with input signal, and thus 
keeps the on-state resistance low over the full 
oOperating-signal range. 


The advantages over single-channel switches 
include peak input-signal voltage swings equal 
to the full supply voltage, and more constant 
on-state impedance over the input-signal 
range. For sample-and-hold applications, 
however, the CD4016B is recommended. 


The CD4066B is available in 14-lead ceramic 
dual-in-line packages (D and F suffixes), 
14-lead plastic dual-in-line packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, (Vo! 
(Voltages referenced to Voc Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 


DC INPUT CURRENT, ANY ONE INPUT (except tor TRANSMISSION GATE which is 25 mA). 


POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60 'C (PACKAGE TYPE E) 
For T, = +60 to +85 C (PACKAGE TYPE E) 


For Ta, =-55 to +100°C (PACKAGE TYPES D, F, K) 
= +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
= FULL PACKAGE-TEMPERATURE RANGE (AII Package Types) 


For Ta 


FORT, 
OPERATING-TEMPERATURE RANGE (T ,): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 5 4 ws 8 
STORAGE TEMPERATURE RANGE (T,,.) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max 


Features: 


= 15-V digital or +7.5-V peak-to-peak switching 

# 125{2 typical on-state resistance for 15-V operation SIG D 

® Switch on-state resistance matched to within 5 {2 over OuT?IN 
15-V signal-input range 

# On-state resistance flat over full peak-to-peak signal 
range 

® High on/off output-voltage ratio: 80 dB typ. @ 
fj, = 10 kHz, Ry = 1kQ 

® High degree of linearity: <0.5% distortion 

typ. @ fj, = 1 kHz, Vis = 5 Vp-p, VDD — 

Vssg 2 10 V, Ru = 10 kQ 

Extremely low off-state switch leakage 

resulting in very low offset current and high 

effective off-state resistance: 10 pA typ. @ 

Vop — Vss = 10 V, Ta = 25°C 

® Extremely high control input impedance 
(control circuit isolated from signal cir- 
cuit): 1012 2 typ. 

= Low crosstalk between switches: —50 dB 


IN/OUT 


A245 2 BO? 


FUNCTIONAL DIAGRAM 


Applications: 

® Analog signal switching/multiplexing 
Signal gating Modulator 
Squelch control Demodulator 
Chopper Commutating switch 

® Digital signal switching/Multiplexing 


typ. @ f;, = 8 MHz, Ry = 1kQ ® Transmission-gate logic implementation 
® Matched control-input to signal-output ® Analog-to-digital & digital-to-analog 

capacitance: Reduces output signal conversion 

transients ® Digital control of frequency, impedance, 
® Frequency response, switch on = 40 MHz phase, and analog-signal gain 

(typ.) 


= 100% tested for quiescent current at 20 V 
5-V, 10-V, and 15-V parametric ratings 
@ Meets all requirements of JEDEC Tentative 


Standard No.13A, “Standard Specifications 
for Description of ‘’B’ Series CMOS Devices’ 


SWITCH 
CONTROL ees eee 


a, -05to +20 V 
, : —05 to Voo +05 V 
+10 mA 


CONTROL 
Vc 


; F 500 mW 
Derate Linearly at 12 mW/ C to 200 mW 
500 mW 


0 SIGNAL-LEVEL RANGE 
Derate Linearly at 12 mMW/ C to 200 mW 


Vss Vis =Vo0 


NORMAL OPERATION 
CONTROL-LINE BIASING 
SWITCH ON ,Vc'l"= Vop 
SWITCH OFF, Vc "O"=Vs5s 


Vop 


” Vss 
ALL CONTROL INPUTS ARE 
PROTECTED BY COS/MOS 
PROTECTION NETWORK 


100 n.W 


-55 to +125°C 
NOTE 


fe} . 
~40to +85 C ALL “P"SUBSTRATES (C9 
NECTED TOV 
~65 to +150 C nee sad 


+265°C 


92cs- 29113 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that oper- 


ation is always within the following ranges: 


CHARACTERISTIC 


Fig.1 — Schematic diagram of 1 of 4 identical 
switches and its associated control 
circuitry. 


Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 
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ELECTRICAL CHARACTERISTICS 
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PERATURES (°C) - rr fs A el st 
- Values at -55, +25, +125 Apply N 3 : RTE HH SHEE 
Characteristic Test Conditions to D, F, K, H Packages I FA a aoe 
WwW ns y as 
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jis | 1| 1] 30] 30foo1] 1 Ae sini 
0,20 150] 150|0.02 


Signal Inputs (V;,) and Output (V,,) 


teebhaca dh fate oe 
ee Ce ee ee ee 


ee ee eee ae eee ee ee ee Ce 


Vc = Vpp 


ee eee es ee eo ee ee ee ee ec ee ee on a ee ae ie mee 


On-State Ry = 10 k&2 returned riiepeses ae a rete fees: os oo 
Resistance, r ‘056: || 18 soe “| AMBIENT TEMPERATURE. 

on} to Vpp~Vss nee at Cini te US alka FICE 
Mo _— 0 oie ie 


Vis = Vss to Vop 


AOn-State 
Resistance 
Between Any 
2 Switches, ee 


470 
eee 
[= |= |= | 10] = | 
Cae es RES 


aanE ia 
+10°°| +0.1] uA HH PATE 
H 

- 


Ry =10k&2, Vc 7 Vop 


CHANNEL ON-STATE RESISTANCE (Ron) — & | 


-10 -75 -§ -25 0 25 5 75 10 
INPUT SIGNAL VOLTAGE (V,,) — Vv 92CS-27327R! 


Vce=Vop =5V, Vss- —5V, Vis(p-p) 
= 5V (Sine wave centered on OV) 


Ry = 10 kQ2, fi,= 1 kHz sine wave 
Vc=Vpp=9V. Vss=—5¥, Vis(p-p) 


=5V (Sine wave centered on OV 
Ri =1 kQ2, 


Total Harmonic 
Distortion, 
THD 
—3dB Cutoff 
Frequency 
(Switch on) 


Fig. 3— Typical on-state vs. input signal voltage 
fall types). 
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ELECTRICAL CHARACTERISTICS (cont'd) 


Characteristic 


Control (Vc) 


Control Input 
Low Voltage, 
Vitc Max. 


Control Input 
High Voltage, 


ViHC 


Input Current, 
lin Max. 


Crosstalk (Con- 
trol Input to 
Signal Outpt) 


Turn-On and 
Turn-Off 
Propagation 
Delay 


Maximum 
Control Input 
Repetition Rate 


Input 
Capacitance, 


Fig. 6-- Determination of r 


LIMITS AT INDICATED 
TEMPERATURES (°C) 
Values at -55, +25, +125 

Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply 


E Package 
Vop 
(V) 


Test Conditions 


lig) <10 yA 


Vis=Vss. Vos= Vop 
and 
Vis = Vop- Vos = Vss 


Vee<V 

VDD _ ec =18V 
Vcc S VoD — Vss 
Vc = 10 V (Sq. Wave) 
tr, t¢ = 20 ns 

Rp = 10k 


Vis = VDD. VSs = GND, 
Ri = 1 k&2 to gnd, 

Cy. = 50 pF, 

Vc = 10 V(Square 

wave centered on 5 V) 
tr, te = 20 ns, 

Vos = 2Vos @ 1 kHz 


© 
n on 


+85°C 


Panis | ak CD40668 ¥ 
ee 1 OF 4 SWITCHES os 


Vis —Vos | 


fon lis] 
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on 25 4 test condition for control input 
high voltage (Vj,4¢) specification. 
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Fig. 7 — Channel on-state resistance measurement 
circuit. 
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Fig. 8—Typical ON characteristics for 1 of 
4 Channels. 


cz 
wn 


Ww ~N 
i) oO 


—N 
oni 
= 


x = 
om 
N 


POWER DISSIPATION PER PACKAGE (Pp)—»W 


SWITCHING FREQUENCY (f)— kHz 


92CS- 30920 


Fig. 9 — Power dissipation per package vs. switching 
frequency. 


MEASURED ON BOONTON 
ieee =< nd oa 1 CAPACITANCE BRIDGE 

Voo =+5V | MODEL 75A (1MHz) 

} TEST FIXTURE CAPACITANCE 
| NULLED OUT 


CO04066B 
| OF 4 
SWITCHES 


k= 4k -- 


92CS- 30921 


Fig. 10 — Capacitance test circuit. 
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Fig. 11 — Off-switch input or output leakage. 
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Fig. 14 — Propagation delay ten tpyy control- 
signal output. Delay is measured at 


Vos level of +10% from ground (turn-on) 


or on-state output level (turn-off). 
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Fig. 12 — Propagation delay time signal input ( V5.) 
to signal output (V,,,). 
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Fig. 15 — Maximum allowable control input 
repetition rate. 
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Fig. 17— 4-channel PAM multiplex system diagram. 
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Fig. 13 — Crosstalk-control input to signal output. 
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Fig. 16 — Input leakage current test circuit. 
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Fig. 18 — Bidirectional signal transmission via digital control logic. 
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CD4066BH 
CHIP PHOTOGRAPH 


The photographs and dimensions of each CMOS chip 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 


represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 


chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


SPECIAL CONSIDERATIONS — CD4066B 2. 


1. In applications that employ separate 
power sources to drive Vpp and the 
signal inputs, the Vpp current 
Capability should exceed Vpp/Ri (RL 
= effective external load of the four 
CD4066B bilateral switches). This 
provision avoids any permanent cur- 
rent flow or clamp action on the Vpp 
supply when power is applied or 
removed from the CD4066B. 


In certain applications, the external 
load-resistor current may _ include 
both Vpp and_ signal-line com- 
ponents. To avoid drawing Vpp cur- 
rent when switch current fiows into 
terminals 1,4,8, or 11, the voltage drop 
across the bidirectional switch must 
not exceed 0.8 volts (calculated from 
RON values shown). 

No Vpp current will flow through Ri 
if the switch current flows into ter- 
minals 2,3,9, or 10. 


CMOS Analog 


CD4067B, CD4097B Types 


Multiplexers/Demultiplexers 


High-Voltage Types (20-Volt Rating) 


CD4067B — Single 16-Channel 
Multiplexer/Demultiplexer 

CD4097B — Differential 8-Channel 
Multiplexer/Demultiplexer 


The RCA-CD4067B and CD4097B CMOS 
analog multiplexers/demultiplexers* are digi- 
tally controlled analog switches having low 
ON impedance, low OFF leakage current, and 
internal address decoding. In addition, the 
ON resistance is relatively constant over the 
full input-signal range. 

The CD4067B is a 16-channel multiplexer 
with four binary control inputs, A,B,C,D, and 
an inhibit input, arranged so that any com- 
bination of the inputs selects one switch. 
The CD4097B is adifferential 8-channel multi- 
plexer having three binary control inputs A, 
B, C, and an inhibit input. The inputs permit 
selection of one of eight pairs of switches. 
A logic ‘’1"’ present at the inhibit input turns 
all channels off. 

The CD4067 and CD4097 are supplied in 24- 
lead dual-in-line welded-seal ceramic pack- 
ages (D suffix), 24-lead dual-in-line frit-seal 
ceramic packages (F suffix), 24-lead dual- 
in-line plastic packages (E suffix), 24-lead 
ceramic flat packages (K suffix), and inchip 
form (H suffix). 


*When these devices are used as demultiplexers, 
the channel in/out terminals are the outputs and 
the common out/in terminals are the inputs. 


Recommended Operating Conditions at 

Tp = 25°C (Unless Otherwise Specified) 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 
Values shown apply to all types except as 
noted. 


[Characteristic __| Min. | Max. | Units | 


Supply-Voltage Range 
(Ta=Full Package- 3 
Multiplexer Switch Input mE 25 
Current Capability 
Boe 


Temp. Range) 
| Output Load Resistance | | Output Load Resistance | Resistance 


NOTE: 

In certain applications, the external load-resistor 
current may include both Vpp and signal-line 
components. To avoid drawing Vpp current when 
switch current flows into the transmission gate 
inputs, the voltage drop across the bidirectional 
switch must not exceed 0.8 volt (calculated from 
RON values shown in ELECTRICAL CHARAC- 
TERISTICS CHART). No Vpp current will flow 
through Ry, if the switch current flows into 
terminal 1 on the CD4067; terminals 1 and 17 on 
the CD4097. 


Features: 


Low ON resistance: 125 (2 (typ.) over 15 
Vp-p Signal-input range for Vpp—Vss=15 V 


High OFF resistance: channel leakage of 

+10 pA (typ.) @ Vpp—Vss=10 V 

Matched switch characteristics: ROQN=5 02 (typ.) 
for Vpp—Vss=15 V 

Very low quiescent power dissipation under 
all digital-control input and supply conditions: 
0.2 uW (typ.) @ Vpp—Vss=10 V 

Binary address decoding on chip 

5-V, 10-V, and 15-V parametric ratings 

100% tested for quiescent current at 20 V 
Standardized symmetrical output 
characteristics 
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Maximum input current of 1 uA at 18 V 
over full package temperature range; Perrotta A Voo 
100 nA at 18 V and 25°C 7—2 6 
@ Meets all requirements of JEDEC Tentative =<) ; 
Standard No. 13A, ‘’Standard Specifications =— 21 Y CHAN. 
for Description of ‘B’ Series CMOS Devices” CHAN x |4—45 3] IN/OUT 
IN/OUT 3 6 4 
er 2—47 5 
Applications: : te COMMON 
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Fig. 1 — CD4067 functional diagram. 
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Fig. 2—CD4097 functional diagram. 
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CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS 


LIMITS at Indicated Temperature (°C) 


Values at -55, +25, +125 Apply to D, F, K, H pkg 
Values at —40,+25,+85,apply to E pkg 


7 dd hd i 

(Vv) (Vv) (Vv) [Min.[ Typ. [Max._ 

SIGNAL INPUTS (V;,) AND OUTPUTS (Vos) 

Quiescent [| = =| 5 | 5 | 5 | 150 {| 150|- [004] 5 | 
DeviceCur] {| CT 10 | 10: | 10 | 300 | 300 | - | 0.04] 10 | ya 
rent Op Se 
mes | 20 | 100 | 100 |3000 | 3000] - | 0.08 | 100 | 


tall 1200 | 1300 ae 1050 
i ae 


CHARAC- 
TERISTIC 


CONDITIONS 


ON-state Re 
sistance 
Vos 
VisSVDD 

on Max. 


Tio [310 | 330 | 820 | 550 | — | 180_| 400 | 
| 200 | 210 | 300 | 320 | — | 125 | 240 | 


To | 15 | 
}- {| 10 | —- | ® 


ie 7 au 


Change in 
on-state 
Resistance 
(Between 
Any Two 
Channels) | | 


OFF Chan- 
nel Leak- 
age Cur- 
rent: Any 
Channel 
OFF Max. 
or 
All Chan- 
nels OFF 
(Common 
OUT/IN) 
Max. 
Capacitance: 
Input, Cj, 


Output, 
Cos 

CD4067 
CD4097 


Feed- 
through, 


Cigs 


ae eS Ee ee ae 


ne bee SRE 
Time (Sig- Ls] |= | 15 | 30 | ns 


nal Input 
to Output 


CONTROL 


Input Low 
Voltage, 
VIL Max. 


on all OFF 


Input High Channels 


Voltage, 
Vity Min. 


* Determined by minimum feasible leakage measurement for automatic testing. 
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Fig. 3—Typical ON resistance vs. input signal 
voltage (all types). 
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Fig. 4—Typical ON resistance vs. input signal 
voltage (all types). 
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Fig. 5— Typical ON resistance vs. input signal 
voltage fall types). 
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Fig. 6— Typical ON resistance vs. input signal 
voltage (al// types). 
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CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) TEST CIRCUITS 


Values at —40,+25,+85 apply to E pkg 
Vis | Yss | Yoo +85 | +125 
wif ow fol] || imepie — 


Ry =10 KS2,C; > 
50 pF, t,,te=20 ns 
ae 225 _| 650 


LIMITS at Indicated Temperature (°C) 
Values at -55, +25, +125 Apply to D, F, K, H, pkg 


CHARAC.- 
TERISTIC 


Input 
Current, 
lin Max. 


uA 


ropagation 
Delay Time: 
Address or 


BH=~-O O®BNaAwW BUD — 


Inhibit-to- 
aa Fo [1 f-{|-|-] - | - | 135 | 270] ns ! 
turing ON) Te a rs 


Address or 
Inhibit-to- 
Signal OUT 
(Channel 
turning 


OFF) 


R,_ =300 §2,C, = 
DU DF, tals20 fis 


i 

2 
3 
4 


Input 
Capaci- 
tance, Ciny 


Any Address or 
Inhibit Input 


mn -O 8 Bn we 


92CS-27332 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


Fig. 7—OFF channel leakage current—any channel OFF. 


(Voltages referencedto Vgg Terminal) . 2. 2. 1 we ee ee —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS.. . . .. .... . . . « 0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT... .. . 6. 6 ee ee te el +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) . . . .. . . eee 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) . . . . . ODerate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES D,F,K).. 6 6 1 ee ee ee ee 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D,F,K) ... . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . . 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPESO,F.K, A cvs 6 6 66 8 a ROMER EDD EEE HS -55 to +125°C 

PACKAGE TYPEE 624.6 CARMA ROR ORDER OD GOR SH TW we HS -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) 2 ww ee ee —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 0.79 mm) fromcase for10s max. . . . . . . . +265°C 
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Yoo 92CS-27334 


! 


vn 
> 


1KQ 


Yoo" Vin 


o @ryreurun— 


—-~o #@a@rwaeuwrtun 
owoMn Mv ere un — 


c0 4097 


92CS-27336R2 


Vin Vin 
92CS-27337R2 


co) 
Te 


92CS-27355 


Fig. 8— Input voltage—measure <2 uA on all OFF channels 


e.., channel 12), Fig. 9— OF F channel leakage current—all channels OFF. 
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CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) TEST CIRCUITS (Cont'd) 


Yoo 


TEST CONDITIONS 


CHARAC.- V R 7 yV GAL 
Vis DD L VALUES 
TERISTIC (v) (Vv) | (KQ) 


(—3-dB) 
Frequency Vos at Common OUT/IN 


Channel ON Decne oe 
(Sine Wave ea Vj — os at Any Channel 


6 

fot 
Distortion, ° 
Toe =. 


@Onouyverkun — 


Voo 


92CS-27338 


Yoo 


Feedthrough CD4067 
Frequency ” Vos at Common OUT/IN ©4097 


20 log —— =—40 dB 
Setar 


Ee Ce 
Signal Cross- Between Any 2 Channels 


20 log ——=—40 dB | Sections 


quency at 
—40 dB) Vi CD4097 | Measured on Any 
Only Channel 


Address-or- Vse=0, t,,t¢=20 ns, Fig. 10— Quiescent device current. 
Inhibit-to- Vc=Vpp-Vss 
Signal (Square Wave) 
Crosstalk 
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Yop Vss 
Peak-to-peak voltage symmetrical about ——-———— 


Worst case. 
Both ends of channel. 
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ig. 12— Turn- : I = 
Fig. 11—Turn-on and turn-off propagation delay —address select input to signal output hig. t2— Turn-on and turn-att propagation delay 


(e.g. measured on channel 0) inhibit input to signal output fe.g. measured 


on channel 1). 
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CD4067B, CD4097B Types 


¥ KEITHLEY 
bo 160 DIGITAL 
MULTIMETER 


t¢=20 ns 


10% 10% 


92Cs -22716 


TURN-OFF TIME: ‘ TURN-ON TIME 
92C$-27042RI PHZ 92CS-27043RI 
Fig. 13— Channel ON resistance measurement circuit. Fig. 14— Propagation de/ay waveform channel Fig. 15— Propagation delay waveform, channel 
being’ turned ON (R; = 10 K 0, C, = 50 pF). being turned OFF (Ry = 300 22, 
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Fig. 16—CD4067 logic diagram. Fig. 17—CD4097 logic diagram. 
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SPECIAL CONSIDERATIONS 


In applications where separate power sources 
are used to drive Vpp and the signal inputs, 
the Vpp current capability should exceed 
Vpp/RL (Ri=effective external load). This 
provision avoids permanent current flow or 
clamp action on the Vpp supply when power 
is applied or removed from the CD4067B or 
CD4097B. 


When switching from one address to another, 
some of the ON periods of the channels of 
the multiplexers will overlap momentarily, 
which may be objectionable in certain appli- 
cations. Also when a channel is turned on or 
off by an address input, there is a momen- 
tary conductive path from the channel to 
Vss, which will dump some charge from any 
Capacitor connected to the input or output 
of the channel. The inhibit input turning on 
a channel will similarly dump some charge to 


VSS. 


The amount of charge dumped is mostly a 
function of the signal level above Vss. 
Typically, at Vpp—Vss=10 V, a 100-pF 


96 -104 
(2.438-2.642) 


92CM- 35104 


Dimensions and pad layout for CD4067BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~3 inch). 


Capacitor connected to the input or output 
of the channel wil! lose 3-4% of its voltage at 
the moment the channel turns on or off. 
This loss of voltage is essentially independent 
of the address or inhibit signal transition 
time, if the transition time is less than 1-2 ws. 
When the inhibit signal turns a channel off, 
there is no charge dumping to Vss. Rather, 
there is a slight rise in the channel voltage 
level (65 mV typ.) due to capacitive coupling 
from inhibit input to channel input or output. 
Address inputs also couple some _ voltage 
steps onto the channel signal levels. 


In certain applications, the external load- 
resistor current may include both Vpp and 
signal-line components. To avoid drawing 
VDD current when switch current flows into 
the transmission gate inputs, the voltage drop 
across the bidirectional switch must not ex- 
ceed 0.8 volt (calculated from ROW values 
shown in ELECTRICAL CHARACTERIS- 
TICS CHART). No Vpp current will flow 
through RL if the switch current flows into 
terminal 1 on the CD4067B, terminals 1 and 
17 on the CD4097B. 
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Dimensions and pad layout for CD4097BH. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 


ae = 
4 A % 


92CM-35097 


wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 


dimensions shown. The user should consider a tolerance 


of —3 mils to +16 mils applicable fo the nominal 


dimensions shown. 


95-103 
(2.413-2.616) 


CM O S 8-] nput Features: 


@ Medium-Speed Operation: 
tPHL. tPLH = 75 ns (typ.) at Vpp = 10 V 
NAND/AND Gate Buffered inputs and outputs 
5-V, 10-V, and 15-V parametric ratings 
High-Voltage Types (20-Volt Rating) 100% tested for quiescent current at 20 V 
Maximum input current of 1 vA at 18 V 


over full package-temperature range; 
100 nA at 18 V and 25°C 


The RCA-CD4068B NAND/AND gate pro- ® Noise margin (over full package-temperature 
vides the system designer with direct imple- fle ghee ¥ at ¥OD 7 a - 
mentation of the positive-logic 8-input NAND at VDD * ‘5 Vat Vpp = 15 V 
and AND functions and supplements the = Meets all requirements of JEDEC Tentative 
existing family of CMOS gates. Standard No. 13A, “Standard Specifications 


The CD4068B types are supplied in 14-lead for Description of ‘B’ Series CMOS Devices 
dual-in-line ceramic packages (D and F suf- 
fixes), 14-lead dual-in-line plastic packages 


(E suffix), 14-lead ceramic flat packages (K A(2) 


suffix), and in chip form (H suffix). RECOMMENDED 


OPERATING CONDITIONS Bo 
For maximum reliability, nominal operating ©°@ 


Voo sce : 
JeABCDEFOH conditions should be selected so that operation 3 


H is always within the following ranges: 


K=A-B-C-D-E-F-G-H 


NC 


92CS-24578k2 
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2 S00a> 


(TOP VIEW) 


Supply-Voltage Range 6() 


NC=NO CONNECTION 


(For Ty = Full Package 


TERMINAL ASSIGNMENT Temperature Range) ae 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


CONDITIONS 


CHARACTER- 
ISTIC 


Quiescent Device 
Current, 
IDD Max. 


Output Low 
(Sink) Current 
lor Min. 


Output High — 
(Source) 
Current, 


1OH Min. 
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p=) 

Nm 
© 
ND 
oI 


Output Voltage: 
Low-Level, 
VoL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
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Vit Max. 


Input High 
Voltage, 


VIH Min. 15135] - | 15) 


Input Current 
lin, Max. 
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CD4068B Types 


6,8:NO CONNECTION 


92CS - 23874R3 


FUNCTIONAL DIAGRAM 


Fig. 1 — Logic diagram. 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 


“2CS- 29095 


92C5-24318R3 


Fig. 2 — Typical output low (sink) current 


characteristics. 


10 
DRAIN- TO- SOURCE VOLTAGE (Vps)—Vv 
 92CS -24319R1 


Fig. 3 — Minimum output low (sink) 
current characteristics. 


237 


CD4068B Types 


MAXIMUM RATINGS, Absoluie-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) .........ccccceccsccnccosescscscnscceescecoeenes -0.5 to +20 V 
INFLIT VOLTAGE RANGE, ALL INPUTS cxnvcicceseteiwisniddincicsieweswatousesess -0.5 to Vpp +0.5 V 
OC INPUT CURRENT, ANY ONE INPUT ciscssecacecasatd nav ceesnaascaeenieeees cbeee00 wxeeeus +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -40 to +60°C (PACKAGE TYPE E) .......... 02s cece cece tenet cnet ence tence ee cnes 500 mW 

For T, = +60 to +85°C (PACKAGE TYPE E) ..........-..--005 Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) ....-.. 0. sce cece e cece etree ene ee ne ee enes 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ........--...+++eeeeee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES DO, FAK adacucsicanavien in¥ ond00edpendsgvea vanes eketsteennuee uve -55 to +125°C 

PRURAGE INVES avckbwedocadsnbaecedieess o000teay a widees es heres eoviemurrwaneeeee -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) VabeeGeauroiasstoeeneunbeseyagas wks VerweeaNe -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. .......... cee cece eee e eee +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS 
AtT, = 25°C, Input t,, t¢= 20ns,C, = 50 pF, R, = 200k 


CHARACTERISTIC 


Propagation Delay Time, 


‘PHL. tPLH 


Transition Time, 
tTHL. tTLH 
Input Capacitance, Cy,y 


INVERTERS 

. DETAIL OF INVERTERS 
H#©) > ae 
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we 
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* ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


92CM- 29094 
Fig. 7 — Schematic diagram. 
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92CS-24320R3 
Fig. 4 — Typical output high (source) 
current characteristics. 
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Fig. 5 — Minimum output high (source) 
current characteristics. 
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Fig. 6 — Typical transition time as a function 
of load capacitance. 


eee 
o 


s H 

: 
~=-e68 
SETTER TE 
+> 

; ry 
eeees 2BSE60R8 F8GRR BERBER HH 
THE TTR TEE 
seeeee 8 SERARSERKLBRBSADAHSEH Bsae 
(e) 10 20 » 40 60 0 
LOAD CAPACITANCE (C,)—pF 

92CS- 29096 


Fig. 8 — Typical propagation delay time 
as a function of load capacitance. 
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Fig. 9 — Typical voltage transfer charac- Fig. 10 — Typical dynamic power dissi- 
teristics (NAND output). pation as a function of frequency. Fig. 11 — Quiescent-device-current test circuit. 
Vv 
00 
Yoo 
INPUTS OUTPUTS 
INPUTS 
Vv 
Yoo NOTE 1H 
MEASURE INPUTS — : CLOCK 
° () SEQUENTIALLY, Vv 4 Z 
Vss TO BOTH Vop AND Vgs: = 
CONNECT ALL UNUSED 
INPUTS TO EITHER nate: 
Voo OF Vss° vee TEST ANY COMBINATION 
OF INPUTS 
Vss Vsg = 
92CS-27402 92CS-2744IRI 92CS- 29095 
Fig. 14 — Dynamic power dissipation 
Fig. 12 — Input current test circuit. Fig. 13 — Input-voltage test circuit. test circuit. 
60 
60-68 
(1.524-1.727) 
(0.102 -0.254) 
S(=65 = 
(1.448-1.651) re 
Dimensions and pad layout for CD4068BH. 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
Dimensions in parentheses are in millimeters and are wafer is separated into individual chips, the angle of 
derived from the basic inch dimensions as indicated. cleavage may vary with respect to the chip face for 


different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominai 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal! 
dimensions shown. 


Grid graduations are in mils (10-3 inch). 


239 


CD4069UB Types 
CMOS Hex Inverter 


Features: 
High-Voltage Types (20-Volt Rating) 


® Standardized symmetrical output 
characteristics 


The RCA-CD4069UB types consist of six 
CMOS inverter circuits. These devices are 
intended for all general-purpose inverter 
applications where the medium-power TTL- 
drive and logic-level-conversion capabilities 
of circuits such as the CD4009 and CD4049 
Hex Inverter/Buffers are not required. 


The CD4069U B-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic package (E suffix), 14-lead ceramic 
flat package. (K suffix), and in chip form (H 
suffix). 


at 10 V 
® 100% tested for quiescent current at 20 V 
® Maximum input current of 1 uA at 18 V 


over full package-temperature range; 
100 nA at 18 V and 25°C 


Applications: 


® Logic inversion 

® Pulse shaping 

® Oscillators 

® High-input-impedance amplifiers 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 


Operation is always within the following ranges: 
LIMITS 


CHARACTERISTIC 


Supply Voltage Range (For T a=Full Package 
Temperature Range) 


UNITS 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (V Db) 


@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


= Medium Speed Operation—tpyy4)_,tpy_ 4=30 ns (typ.) 


DUTPUT VOLTAGE (Vo) —Vv 


CD4069UB 
FUNCTIONAL DIAGRAM 


seccee T ° 
TTT] AMBIENT TEMPERATURE (Ta)#25°C 


INPUT VOLTAGE (Vy )—V 
92CS - 28636R) 


Fig. 1 — Minimum and maximum voltage 


transfer characteristics. 


(Voltages referenced to Vssg Terminal) 4 —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): > Sor | 
For Ta = —40 to +60°C (PACKAGE TYPE E) . 500 mW Si Fis a ie ie 
For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mw/°c to 200 mW = okt Lit : Nitftered tess 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K). . $00 mw : Bilin, et te I 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW Dat i H rz SrsAtEEE 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 3 ype S Uti He 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mw 5 abe we sbeguceseace Peer 


OPERATING-TEMPERATURE RANGE Tal: 


PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE iis ) 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tg = 25°C; Input t,, ts = 20 ns, 
200 K22 


C, = 50 pF, R, = 


CHARACTERISTIC 


Propagation Delay Time; 


Transition Time, 


CONDITIONS ALL TYPES 
V LIMITS 
‘ia 


'PLHe TPHL 


'THL 'TLH 


—55 to +125°C 


—40 to +85°C . * 
te) : ; f 
—65 to +150°C ° 8 Smear ey — 
92CS- 24432 
+265°C 


Fig. 2 — Typicai voltage transfer characteristics as a 
function of temperature. 
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+tee 
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° iS eae Te ci 7 5 15 
INPUT VOLTAGE (Vz) —V 
9268-24433 


Fig. 3 — Typical current and voltage transfer 
characteristics. 
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CD4069UB Types 


ATIC ELECTRICAL CHARACTERISTICS 


Hottie SSeereaee 
sr EEE 


sisidssssststssisase 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply to D,F,K,H Packages 
Values at —40, +25, +85 Apply to E Package 


CONDITIONS 
-HARACTER- 


ISTIC 
(V) (V) | (Vv) 
jiescent Device P= | 05] 5 | 0.25 | 0.25 
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Ere 
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Fig. 4 — Typical output low (sink) 
current characteristics. 
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utput Voltage: 


OUTPUT LOW (SINK) CURRENT (Io) —mA 


Low-Level, 
VOL Max. 
utput Voltage: 
High-Level, sdguses 
VOH Min. +H 
t+ 
tt Ea etree attic 
put Low DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
Voltage, ae nee 
Vit Max. Fig. 5 — Minimum output low (sink) 
current characteristics. 
put High 
Voltage, | ORAIN- TO- SOURCE VOLTAGE (Vpsi—V 
ViH Min. : = 


put Current 
lin Max. 


OUTPUT HIGH (SOURCE) CURRENT(I on)—mA 


= oe : 2 
G:A 3 
G 
| | 3 4 
AOD ‘ 
1(3,5,9, 11,13) 2(4,6,8,10,12) 6 
me 7 
(TOP VIEW) | 
92C$- 24444 
Vv 92CS- 23738R2 : ; Pe wade 
: a aa ‘ Fig. 7 — CD4069UB terminal assignment. Fig. 8 — Typical output high (source) 
Fig. 6 — Schematic diagram of one of six identical Pie ee REE 


inverters. 
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CD4069UB Types 


EE 


ae | ae Hie 
LE EE Lea 
SAUTE TE Huu 


LL at 
ate a 
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ert age ane ESTE Jc 
80 
LOAD CAPACITANCE (C, )—pF 


TRANSITION TIME (tye, typ) 98 


92CS-24322 


Fig. 12 — Typical transition time vs. load 
capacitance. 


Yss 


92CS-27427R1 


Fig. 15 — Quiescent device current test circuit. 


PULSE GEN. 
tp=t¢=20ns 


ers my 2a 


2 
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3 
2OON ~wp & AD 


LOAD CAPACITANCE (C_)= 50pF 
(11 pF FIXTURE + 39pF EXT) 


POWER DISSIPATION PER eERTER EN 


ms 4682 2 46653 2 4684 2 4 68 
INPUT FREQUENCY (f) kHz 
92CS-36682 


Fig. 13 — Typical dynamic power dissipation 
vs. frequency. 


Yoo 
INPUTS OUTPUTS 
1H 
aie “ov 
° _- 
Vin aL 
Vv 
NOTE: i 


TEST ANY ONE INPUT, WITH OTHER 
INPUTS AT Vpp OR Vss 


92CS-—2742BRI 


Fig. 16 — Noise immunity test circuit. 


92CM-24444RI 


Fig. 18 — Dynamic electrical characteristics test circuit and waveforms. 


1/6 CD4069 


Ry 10 MEG 
92CS-24439R) 


Fig. 20 — High-input impedance amplifier. 


1/3 CD4069 
Rs 


Re 
UPPER SWITCHING POINT ; 
Rg + Ry Voo 
Vp = a : = 
LOWER SWITCHING POINT: 
jg Meee 
* Ry 2 
Re > Rs 
92CS-24440RI 
Fig. 22 — Input pulse shaping circuit 
(Schmitt trigger). 
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1/3 CD4069 
ee O 1 > 
Rr Cr 


FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT PERFORMANCE, 
SEE APPLICATION NOTE ICAN-6466 


92CS-24438R2 


Fig. 21 — Typical RC oscillator circuit. 


500 uF 


10 KHz, 
100 KHz, |MHz 


CL INCLUDES 
FIXTURE CAPACITANCE 


92CS- 36680 


Fig. 23 - Dynamic power dissipation test circuit. 
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SUPPLY VOLTAGE (Vpp)— VOLTS 
92CS- 25114RI 


Fig. 14 — Variation of normalized propagation 
delay time (t pry and tpy H/ with 
supply voltage. 


Yoo 
INPUTS NOTE: 
Yoo MEASURE INPUTS SEQUENTIALLY, 
TO BOTH Vpp AND Vss. 
oI) CONNECT ALL UNUSED INPUTS 
5 TO EITHER Vop OR Vss. 
Yss 

Vss 


I2CS:~ 27429 


Fig. 17 — Input leakage current test circuit. 


APPLICATIONS 


1/6 CD4069 


FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT 
Rs PERFORMANCE, SEE 
APPLICATION NOTES 
XTAL ICAN 6086 AND 
ICAN 6539 


92CS-24437RI 


Fig. 19 — Typical crystal oscillator circuit. 


40 


45-53 
(1143-1346) 


20- 


a 4-10 
(0 102-0.254) 
pgbiieceseiecem 45-53 — 
(1143-1346) 


92CS- 35103 


Dimensions and pad layout for CD4069UBH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CMOS 
Quad Exclusive-OR and 
Exclusive-NOR Gates 


High-Voltage Types (20-Volt Rating) 


CD4070B — Quad Exclusive-OR Gate 
CD40778B — Quad Exclusive-NOR Gate 


The RCA-CD4070B contains four independ- 
ent Exclusive-OR gates. The RCA-CD4077B 
contains four independent Exclusive-NOR 
gates. 


The CD4070B and CD4077B provide the 
system designer with a means for direct 
implernentation of the Exclusive-OR and 
Exclusive-NOR functions, respectively. 


The CD4070B and CD4077B types are sup- 
plied in 14-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 14-lead dual- 
in-line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and inchip 
form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vsg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For Tp = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) . 
For Ta = -55 to +100°C (PACKAGE TYPES 0, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


OPERATING-TEMPERATURE RANGE as 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 


STORAGE TEMPERATURE RANGE (ees) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


Yop 


n 


1(6, 8,13) 


v 
Vss ab ss 


* INPUTS PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 


Vss 92C$ - 30092 


Fig. 1 — Schematic diagram for CD4070B 
(1 of 4 identical gates). 
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a 3(4,10,11) 


CD4070B, CD4077B Types 


Features: 


= Medium-speed operation—tpyy,, tpyy = 
65 ns (typ.) at Vpp = 10 V, C; = 50 pF 
= 100% tested for quiescent current at 20 V 
® Standardized symmetrical output characteristics 


@5-V, 10-V, and 15-V parametric ratings 
® Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (over full package-temperature 
range): ig 
1V at Vpp =5 V Vo0"!4 42cs. 245e6R2 
2 Vat Vpp = 10 V 
2.5 V at Vpp = 15 V 
@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


CD4070B 
FUNCTIONAL DIAGRAM 


® Logical comparators ® Adders/subtractors 
® Parity generators and checkers 


zroaonmnmmoowewp 


92CS - 24497R3 


—0.5 to +20 V 
—0.5 to Vpp +0.5 V 
‘ +10 mA 


CD4077B 
Functional Diagram 


: 500 mW 
erate ‘Uinearly at 12 mW/°C to 200 mW 
. 500 mW 
Bene Linearly at 12 mw/°C to 200 mw 


RECOMMENDED 
OPERATING CONDITIONS 


For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is a within the following ranges: 


[Characteristic __| Min. |Max. |Units 


Supply-Voltage Range ps fefy | 


100 mW 


—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C (For T, = Full Package- 


Temperature Range) 


TRUTH TABLE CD4070B 
1 of 4 Gates 


(TOP VIEW) 
92cS$-24498 


TERMINAL ASSIGNMENT 
CD4070B 


A 

8 

CE 

1 = HIGH LEVEL — 
0 = LOW LEVEL 2 
J=A@B _ 


(TOP VIEW) 
92CS-24499R2 


TERMINAL ASSIGNMENT 
CD4077B 
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CD4070B, CD4077B Types 
un » FreeeitbbretiiodeNoediazczceee itt 


on TRUTH TABLE CD4077B 


1 of 4 Gates 
K 3(4,10, 11) 


sea eternal bie pat 
Baas 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
Vss 92C5-24316R3 
Fig. 3 — Typical output low (sink) 
* INPUTS PROTECTED 1= HIGH LEVEL current characteristics. 
BY COS/MOS - 
PROTECTION NETWORK O= LOW LEVEL 
J=A@B : 
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Vss 92CS-30093RI sessecsses gescsecescassessass 
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Fig. 2 — Schematic diagram for CD4077B 
(1 of 4 identical gates). 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
Values at —40,+25,+85 Apply to E Pkys. 


~s GSSG8eeegeeeRecRen85 seceacesaca 
{ge eeuaecceeeesassess BRCGSSRACRER ses 
‘a8 an cscuenesuascacsasceesccucssuccccececcsccccece 
10 \ 


OUTPUT LOW (SINK) CURRENT (I 


CHARAC.- 
TERISTIC 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS -24319R1 


Fig. 4 — Minimum output low (sink) 
current characteristics. 
Quiescent 
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Fig. 5 — Typical output high (source) 
current characteristics. 
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92CS-24321R2 
Fig. 6 — Minimum output high (source) 
current characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t,, te = 20 ns, 


C, = 50 pF, Ry = 200 KD 


CONDITIONS 


CHARACTERISTIC 


Propagation Delay Time; tpHL. tpLH 


Transition Time; (THL- “TLH 


Input Capacitance; 


a a3 
PETE HEE 


seus 
H aE sescsces HH 


ii stay 100 
ein sueiore ome 92CS - 30094 


PROPAGATION DELAY TIME (fey , tpi y)—ns 


Fig. 8 — Typical propagation delay time 
as a function of load capacitance. 
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69-77. 
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92CS-35101 


Dimensions and pad layout for CD4077BH. 
Dimensions and pad layout for 
CD4070BH are identical. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (1 0-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip. therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Any Input 


PROPAGATION DELAY TIME (tp, .tp_y)—ne 


CD4070B, CD4077B Types 


ALL TYPES 


LIMITS 


AMBIENT TEMPERATURE (Tg)*25°C 
LOAD CAPACITANCE oe )= 50 pF 


SUPPLY VOLTAGE (Vpp)— V 


Fig. 9 — Typical propagation delay time 
as a function of supply voltage. 


INPUTS 


Yoo NOTE 

MEASURE INPUTS 

SEQUENTIALLY, 

Vss TO BOTH Yoo AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yoo OR Vss- 


Vss 


92CS-27402 


Fig. 11 —Input current test circuit. 


Vss 
92CS- 27401RI 


Fig. 13 — Quiescent-device-current 
test circuit. 


TRANSITION TIME (try! TLHI— ns 


LOAO CAPACITANCE ne oe 
92CS- 26322 


Fig. 7 — Typical transition time as a 
function of load capacitance. 


LOAD CAPACITANCE (C,)*= 50 pF 
— aC, 215 pF 


INPUT FREQUENCY (fy)—hHz 
Fig. 10 — Typical dynamic power dissipation 
as a function of input frequency. 


92CS-274038) 


Yoo 
INPUTS QUTPUTS 
Vin 
oe + 
2 - 
Vin 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-27441RI 
Fig. 12 — Input-voltage test circui*. 


92Cs - 30096 


Fig. 14 — Dynamic power dissipation 
test circuit. 
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CD4071B, CD4072B, CD4075B Types 


CMOS OR Gates 


High-Voltage Types (20-Volt Rating) 


CD4071B Quad 2-Input OR Gate 
CD4072B Dual 4-Input OR Gate 
CD4075B Triple 3-Input OR Gate 


The RCA-CD4071B, CD4072B, and 
CD4075B OR gates provide the system 
designer with direct implementation of the 
positive-logic OR function and supplement 
the existing family of CMOS gates. The 
CD4071, CD4072, and CD4075 types are 
supplied in 14-lead dual-in-line ceramic 
packages (D and F suffixes), 14-lead dual- 
in-line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation 


is always within the following ranges: 
CHARACTERISTIC 


Supply-Voltage Range (For T, = Full Package-Temperature 


Range) 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


CHARACTER- 


Quiescent Device 
Current, 
IpDD Max. 


Output Low 
(Sink) Current 
lot Min. 


Output High 
(Source) 
Current, 


1OH Min. 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
ViH Min. 
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Features: 
= Medium-Speed Operation-tp; yj, 
tpHL = 60 ns (typ.) at Vop=~ 10 V 
® 100% tested for quiescent current at 20 V 
® Maximum input current of 1 vA at 18 V 
over full package-temperature range; 100 nA at 
18 V and 25°C 
® Standardized, symmetrical output characteristics 


® Noise margin (over full package temperature 
range) 
1VatVpp= 5V 
2 V at Vpp = 10 V 
2.5 V at Vpp = 15 V 
@ 5-V, 10-V, and 15-V parametric ratings 


= Meets all requirements of JEDEC Tenta- 
tive Standard No. 13 A, “Standard 
Specifications for Description of ‘B’ Series 
CMOS Devices” 
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CD4071B, CD4072B, CD4075B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vog TErminall) ........ cc cccec ces sceneseeseeneeeccnsecsessenees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS csc issccssceeciveessvasoneaesssdnevexeasec -0.5 to Vpp +0.5 V 
DG INPUT CURRENT, ANY ONEINPUT .isidesaes cc ctccvexeneivesandas os 95556540055 4in se ¥865 +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -40 to +60°C (PACKAGE TYPE E) ....... 0. ese eee eee ec eee e cent eee e eee e ene eeees 500 mW 

For T, = +60 to +85°C (PACKAGE TYPE E) ..............-45:. Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) ......... eee ce eee cere et tee tee eee eee eens 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..........-..++.00+055 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES OFT acavusccuetacecesdusastvewcutadesas cetanesavesdedetseuta -55 to +125°C 

PAGS TVPG © cesar cese aaestvecanertaeconwerstocen (Anbeneaes shateeas end ahabaskes -40 to +85°C 
STORAGE TEMPERATURE RANGE (T stg) sda dabwhebedas coed vevkss si eekeosewacaieaceees -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ......... cee c eee ee eee +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input ty, te = 20 ns, 
and C, = 50 pF, Ry = 200 k&2 


CHARACTERISTIC 


Propagation Delay Time, 


"PHL: tPLH 


Transition Time, 
TTHL: tTLH 
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Fig. 3 — Schematic diagram for CD4071B (1 of 4 identical gates). 
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Fig. 5 — Logic diagram for CD4071B (1 of 4 identical gates). 
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INPUT VOLTAGE (Vind — Vv 92C$-29116 
Fig. 1 — Typical voltage transfer 
characteristics. 


LOAD CAPACITANCE (C,)—pF 92CS-29117 
Fig. 2 — Typical propagation delay time 
as a function of load capacitance 


OUTPUT LOW (SINK) CURRENT (Ip,) —mA 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 92CS-24316R3 


Fig. 4 — Typical output low (sink) current 
characteristics. 
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Fig. 6 — Minimum output low (sink) current 
characteristics. 
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CD4071B, CD4072B, CD4075B Types 
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Fig. 7 — Schematic diagram for CD4072B (1 of 2 identical gates). 
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Fig. 9 — Logic diagram for CD4072B (1 of 2 identical gates). 
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Fig. 11 — Schematic diagram for CD4075B (1 of 3 identical gates). 
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Fig. 13 — Logic diagram for CD4075B (1 of 3 identical gates). 
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92CS- 24320R3 
Fig. 8 — Typical output high (source) current 
characteristics. 
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OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


Fig. 10 — Minimum output high (source) current 
characteristics. 
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TRANSITION TIME (tri. .tTLH)—98 


40 60 : {00 
LOAD CAPACITANCE (C,)— pF 9205-24322 


Fig. 12 — Typical transition time as a function 
of load capacitance. 
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Fig. 14 — Typical dyanamic power dissipation 
as a function of frequency. 


CD4071B, CD4072B, CD4075B Types 


TERMINAL ASSIGNMENTS (TOP VIEW) Yoo 


J*=A+B+C+0 Vop A 
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B H D 

c G . 

D F : 
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Fig. 15 — Quiescent device current test circuit. 
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Yoo NOTE: .@) 
a (x) MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vss; 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vss° 
Vss 92CS- 27402 


Fig. 16 — Input current test circuit. 
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Fig. 17 — Input-voltage test circuit. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 


+3 -10 
(0.102-0.254) 


56-64 
(1.422-1.626) 
The photographs and dimensions of each CMOS chip 92CS-35102 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal Dimensions and pad layout tor CD40778. 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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Dimensions and pad layout for CD4072B. Dimensions and pad layout for CD4075B. 
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CD4073B, CD4081B, CD4082B Types 


CMOS AND Gates 


High-Voltage Types (20-Volt Rating) 


CD4073B Triple 3-Input AND Gate 
CD4081B Quad 2-Input AND Gate 
CD4082B Dual 4-Input AND Gate 


The RCA-CD4073B, CD4081B and CD- 
4082B AND gates provide the system de- 
signer with direct implementation of the 
AND function and supplement the existing 
family of CMOS gates. 


The CD4073B, CD4081B and CD4082B 
types are supplied in 14-lead dual-in- 
line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E 
suffix), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


Features: 
= Medium-Speed Operation — tp, y, 
tpHy = 60ns (typ.) at Vpp = 10 V 
100% tested for quiescent current at 20 V 
# Maximum input current of 1 vA at 18 V over 
full package-temperature range; 100 nA at 
18 V and 25°C 
® Noise margin (full package-temperature 
range) = 
1VatVpp=5V 
2VatVpp=10V 
2.5 V at Vpp = 15 V 
= Standardized, symmetrical output 
characteristics 
5-V,10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘’Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vsg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT . 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


. —0.5 to +20 V 
—0.5 to Vpp +0.5 V 
; +10 mA 


ee ee re 8 80) | 
Derate Linearly at 12 mW/°C to 200 mw 


For Ta = -55 to +100°C (PACKAGE TYPES D,F,K) . . . . 2... . . «~~» 500mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . . 100mW 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPESD,F,K,H ..... 


PACKAGE TYPE E om se oh 
STORAGE TEMPERATURE RANGE (T stg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for10smax. . . . . . . . +265°C 


—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 
ncaa es 
Supply-Voltage Range (For Ta = Full Package pa | ow 
6 V 
Temperature Range) 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=25°C, Input t,,t¢=20 ns, 


and C; =50 pF, R; =200 k{2 
ALL TYPES 
TEST CONDITIONS LIMITS 
UNITS 


AX. 
250 


CHARACTERISTIC 


Propagation Delay Time, 
‘PHL: tPLH 


Transition Time, 
tTHL’ tTLH 


Input Capacitance, Cy,y 


A 
8 
Cc 
10) 
E 
c 
G 
H 


92CS-27583 


CD4081B 
FUNCTIONAL DIAGRAM 
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FUNCTIONAL DIAGRAM 
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CD4073B 
FUNCTIONAL DIAGRAM 


STATIC ELECTRICAL CHARACTERISTICS 


Ht SUPPLY VOLTAGE (Vpp) = 5 V1 


LIMITS AT INDICATED TEMPERATURES (°C) 


AMBIENT TEMPERATURE (Ta)= 28°C 


Input Current 
lin Max. 


Values at -55, +25, +125 Apply to D, F, K, H Packages | Sescascce sescscscasss 
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gee AE! 3 a ™ 200) AMBIENT TEMPERATURE (Ta) = 25° HH 
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Fig. 1 — Schematic diagram for CD4081B (1 of 4 identical gates). 
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Fig. 2 — Logic diagram for CD4081B (1 of 4 identical gates). DRAIN-TO- SOURCE VOLTAGE (Vps)—V 
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Fig. 6 — Minimum output low (sink) 
current characteristics. 
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CD4073B, CD4081B, CD4082BTypes 
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Fig. 7 — Schematic diagram for CD4082B (1 of 2 identical gates). 
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Fig. 11 — Schematic diagram for CD4073B (1 of 3 identical gates). 
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Fig. 13 — Logic diagram for CD4073B (1 of 3 identical gates). 


252 


ORAIN- TO-SOURCE VOLTAGE (Vps)—V 
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OUTPUT HIGH (SOURCE) CURRENT(I oH)—mA 


92CS- 24320R3 
Fig. 8 — Typical output high (source) 
current characteristics. 
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Fig. 10 — Minimum output high (source) 
current characteristics. 
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Fig. 12 — Typical transition time as a 
function of load capacitance. 
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INPUT FREQUENCY (fz) — kHz 


92CS- 28905 
Fig. 14 — Typical dynamic power dissi- 
pation per gate as a function 

of frequency. 


Vss 
92CS- 27401R) 


Fig. 15 — Quiescent device current test circuit. 
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NOTE: 


Yoo 

a (2) MEASURE INPUTS 
° SEQUENTIALLY, 
Vss 


TO BOTH Vpp AND Vgs: 


CONNECT ALL UNUSED 
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Yop OR Vgs- 
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Fig. 16 — Input current test circuit. 
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Fig. 17 — Input-voltage test circuit. 


TERMINAL ASSIGNMENTS 


TOP VIEW 


9265 - 24536 


CD4081B 


TOP VIEW 


NC=NO CONNECTION 
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CD4073B , CD4081B, CD4082B Types 


Dimensions and pad layout 
for CD4081B. 


40 


10 20 30 40 50 60 64 


56-64 
(1.422-1.626) 


(1.549-1.753) 
92CS-35100 


57-65 
(1.448-1.651) 


(0.102-0.254 
57-65 


Dimensions and pad layout 
for CD4082B. 


Dimensions in parentheses are in 
millimeters and are derived from 
the basic inch dimensions as in- 
dicated. Grid graduations are in 
mils (10-3 inch). 


Dimensions and pad layout 


(1.448-1.651) 


for CD4073B. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 


59-67 
(1.449-1.701) 
4-10 
(0.102-0.254) 
59-67 __ 92CS- 29276 
(1.449-1.701) 


chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4076B Types 


Features: 
= Three-state outputs 
CM O S 4-B it ® Input disabled without gating the clock 
« Gated output control lines for DATA INPUT 
D-Ty pe Reg isters enabling or disabling the outputs m- 
@ Standardized, symmetrical output 
High-Voltage Types (20-Volt Rating) characteristics 
100% tested for quiescent current at 20 V 
The CD4076B types are four-bit registers . wees slolclcinldiaal a ailain atten Petia aiei 
re ; ull package temperature range; 100 nA at 
consisting of D-type flip-flops that feature 18 V and 25°C 
three-state outputs. Data Disable inputs are 
provided to control the entry of data into = Noise margin over full package temperature n2CS-2400sa 
the flip-flops. When both Data Disable in- range: 
puts are low, data at the D inputs are loaded 1VatVpp=5V 
into their respective flip-flops on the next 2V at Vpp=10V FUNCTIONAL DIAGRAM 
positive transition of the clock input. Out- 2.5 Vat Vpp = 15 V 
put Disable inputs are also provided. When 5-V, 10-V, and 15-V parametric ratings 
the Output Disable inputs are both low, the = Meets all requirements of JEDEC Tentative 


normal logic states of the four outputs are 
available to the load. The outputs are disa- 
bled independently of the clock by a high 
logic level at either Output Disable input, 
and present a high impedance. 


; ‘ (uv \e 16 Vv 
The CD4076B types are supplied in 16-lead Relea’ ede oe 
ceramic dual-in-line packages (D and F o1—43 DATA | 
suffixes), 16-lead dual-in-line plastic pack- o2-—14 DATA 2 
ages (E suffix), 16-lead ceramic flat packages a segs 
(K suffix), and in chip form (H suffix). appce uf oa eds 
8 DISABLE 
Vss GI 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
TOP VIEW 92 CS 84be7 92C5-24318R3 


Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices’’ 


TERMINAL ASSIGNMENT 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 


Fig.1 — Typical output low (sink) 
current characteristics. 


RECOMMENDED OPERATING CONDITIONS at Ta, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
Operation is always within the following ranges: 


ov —mA 


CHARACTERISTIC 


Supply-Voltage Range (For T ,=Full Package- 
Temperature Range) 


OUTPUT LOW (SINK) CURRENT (I 


10 S 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS -24319R1 


Data Setup Time, ts 


Fig.2 — Minimum output low (sink) 
current characteristics. 
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Clock Input Frequency, fey. 


Clock Input Rise or Fall Time, trCL,t¢CL 
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OUTPUT HIGH (SOURCE) CURRENT(IOH)—mA 


Data Input Disable Setup Time, ts 


92CS5- 24320R3 


Fig.3 — Typical output high (source) 
current characteristics. 
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CD4076B Types 


MAXIMUM RATINGS, A bsolute-Maximum Values: Hanincte eounee Woae unsimd 


DC SUPPLY-VOLTAGE RANGE, (Vpp) -15 -10 5 


(Voltages referenced to Vgg Terminal) ............0.ccesccsescescseccnsceeceeenseesees -0.5 to +20 V Ly $3 , 
INPUT VOLTAGE RANGE, ALL INPUTS .......... 0.0. c cee ccceeeeeeecueveuseneneees -0.5 to Vpp +0.5 V HH Hast € 
DC INPUT CURRENT, ANY ONE INPUT .........0.. 0. cece cece cece ceeesetesuveveucuseneees +10 mA seuss HH F 3 
POWER DISSIPATION PER PACKAGE (Pp): Ha rH a 

For T , ==40 to 60°C (PACKAGE TYPEE) ovs.intcecezanacatatzasppesnbitienseseumesen cowie 500 mW H ade i 

For T , = 960 to F85"C (PACKAGE TYPE E) <csascsescdeoeunins Derate Linearly at 12 mW/°C to 200 mW EEE asi § 

For T, = ao tes 100"G (PACKAGE TYPES BF.) icc dctvsssuaskwnstiaientedse<cteebod ear 500 mW 33 it ca g 

For T, = +100 to +125°C (PACKAGE TYPES D,F,K) .......... Derate Linearly at 12 mW/°C to 200 mW se nae sees 3 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: HEE : 2 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................00000. 100 mW ah it as a 3 
OPERATING-TEMPERATURE RANGE (Ta): H fe H 5 

PROKAGE 11reo 0,6, Ky: ipsanaewnedavnge teste sscesapedtaravdvepekeeweuaceanedines -55 to +125°C Ht : i H 5 

Pe Be ase taenes ap aoaciecavevsuciheue ioe andra de crennceubonsauivensas -40 to +85°C oo 5 2 
STORAGE TEMPERATURE RANGE (Teig) scscschscnsseaetabavenssarweteusseaneadiueries -65 to +150°C szce-2eszine 
LEAD TEMPERATURE (DURING SOLDERING): Fig:4 ~ Minimum output high (rource) 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ........... cece cece +265°C current characteristics. 
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Fig.6 — Typical propagation delay time 
vs. load capacitance (clock to Q). 
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a ad Relate tat 0 0 0 0 0 Voo 

sean aR CRTTULTRAITERAAERTTLTEAHITTTE fy) x x x Q NC ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 

0 x x x fe) NC 


LOAD CAPACITANCE (C, )—pF 


eacesoaaee When either Output Disable M or N is high, the outputs are Vss 
disabled (high impedance state), however sequential operation 
. P $a 2 of the flip flops 1s not affected 92CS -24886R2 
19.7 — al transition time vs. 
F 9g 7 ae . 1 = High Level X = Don’t Care : . 
oad capacitance. 0 = Low Level NC = No Chan Fig.8 — CD4076B logic diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input ty,t¢ = 20 ns, 
Cy. = 50 pF, Ry = 200 k22 (Unless otherwise noted) 


CHARACTERISTIC 


Propagation Delay Time: 
Clock 10 Q Output, toy 


‘'PLH 


—_—_ —, 
i 


on 


Alno 


3-State Output 1 or O to High 


Impedance, tpy7, tp, 7 


3-State High Impedance to 4 


or 0 Output, tp2y, tpZ2L 


Transition Time, 


Maximum Clock Input Frequency, foi 


Minimum Clock Pulse Width, tw 


Maximum Clock Input Rise 


or Fall Time, 
tel Yel 


Minimum Reset Pulse With, ty 


Minimum Data Setup Time, ts 


Minimum Data Input Disable 


Setup Time, ts 


Input Capacitance, Ci 


92CS-2740iR) 


Fig.11 — Quiescent device current test circuit. 
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Vv 


00 
Yoo 
INPUTS OuTPUTS 
INPUTS 
Vin 
a P + Yoo NOTE 
° / tor > MEASURE INPUTS 
Vin ui ° SEQUENTIALLY, 
= Vss TO BOTH Voo AND Vss: 
CONNECT ALL UNUSED 
NOTE INPUTS TO EITHER 
Vv TEST ANY COMBINATION Vpp OR V 
7 OF INPUTS ‘a i 
92CS-27441R1 92CS- 27402 


Fig.12 — Input voltage test circuit. Fig. 13 — Input current test circuit. 
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HH 
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STATIC ELECTRICAL CHARACTERISTICS. 


BIENT TEMPERATURE (Ta )-25°C DMT TT 
LOAD CAPACITANCE (C, ) = 50 pF cotiae H 
Sao enEe 


rr) 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 


iene — 


)—-MHz 


, 


MAX. 


(fo. 


Quiescent Device 
Current, 
IDD Max. 


MAXIMUM CLOCK FREQUENCY 


SUPPLY VOLTAGE (Vpp)—Vv 
Output Low 92CS-27113R) 


(Sink) Current 
lOL Min. Fig.9 — Typical maximum clock input © 


Output High frequency vs. supply voltage. 


(Source) 
Current, 


10H Min. 


Output Voltage: 
Low-Level, 
VoL Max. 


§ AMBIENT TEMPERATURE (T a) =25°C 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit. Max. 


OYNAMIC POWER DISSIPATION ( Pp)—pW 


Input High 


246 2468 
Voltage, 10"! ' 10 107 1 104 10° 
VIH Min. INPUT FREQUENCY (f)— kHz 
92CS-27114 


Input Current 

lin Max. Fig.10 — Typical dynamic power dissipation 
vs. frequency. 

3-State Output 


Leakage Current 
\OuUT Max. 


I+ 
oO 
BS 


i+ aa ol © 
4 Ww] olo = 


Dimensions and pad layout for CD4076BH 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (1 0-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of -—3 mils to +16 mils applicable to the nominal 
dimensions shown. 


69-77 
(1.753 — 1.956) 


82-90 __ 


(2.083— 2.286) 
92CS-32210 
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CD4078B Types 


Features: 

& Medium-Speed Operation: 
tPHL, tPLH = 75 ns (typ.) at Vpp = 10 V 
Buffered inputs and output 


CMOS 8-Input : 5-V, 10-V, and 15-V parametric ratings 
Standardized ical h isti 
NOR / OR Gate . tandardized symmetrical output characteristics 
x 


: : 100% tested for quiescent current at 20 V 
High-Voltage Types (20-Volt Rating) Maximum input current of 1 A at 18 V 


over full package-temperature range: | RYBICIDIEIFOGIN 


The RCA-CD4078B NOR/OR Gate provides 100 nA at 18 V and 25°C K=A4+BtC+DtEtF4G+H 
the system designer with direct implementa- ® Noise margin (over full package-temperature y — 

tion of the positive-logic 8-input NOR and range): 1VatVpp =5V —_ 

OR functions and supplements the existing 2VatVpp=10V 25VatVpp=15 V Vss ° 

family of CMOS gates. = Meets all requirements of JEDEC Tentative sebs-GoaTane 
The CD4078B types are supplied in 14-lead Standard No. 13A, “Standard Specifications 

dual-in-line ceramic packages (D and F suf- for Description of ‘B’ Series CMOS Devices” 

fixes), 14-lead dual-in-line plastic packages FUNCTIONAL DIAGRAM 


(E suffix), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


For maximum reliability, nominal operating 


= # 
a 

DC SUPPLY-VOLTAGE RANGE, (Vpp) “HE 

(Voltages referenced to Vgg Terminal) . 2 2 7 1 wee —0.5 to +20 V = 
INPUT VOLTAGE RANGE,ALLINPUTS. . . . . . .. . . . . . 0.5 to Vpp +0.5 V & ost 
DC INPUT CURRENT, ANY ONE INPUT ee +10 mA s 
POWER DISSIPATION PER PACKAGE (Pp): @ 2H 

For Ta = —40 to +60°C (PACKAGE TYPEE) . . . . . . 2... eee 500 mW SH 

For Ta = +60 to +85°C (PACKAGE TYPE E) . . . . . ODerate Linearly at 12 mW/°C to 200 mW = 

For Ta = -55 to +100°C (PACKAGE TYPESD,F,K) . . . . 2... 1 . . e . = S00.mW ~ 10H 

For Ta = +100 to +125°C (PACKAGE TYPES D,F,K) . . . UOerate Linearly at 12 mw/°C to 200 mw a HH H 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 3 sy : 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . . 100mW '! : 
OPERATING-TEMPERATURE RANGE (Ta): _ 0 5 0 15 

PACKAGE TYPESD,F,K,H  . . 2... eee —55 to +125°C i lal ii ee 

PACKAGE TYPEE ..... . 1 ee —40 to +85°C Fig. 2 — Typical output low (sink) current 
STORAGE TEMPERATURE RANGE (Tstgh . - - we eee eee 65 to +150°C Characteristics. 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 +0.79 mm) fromcase for 10smax. . . . . . . +265°C 

A (2) v easaasesenes 
RECOMMENDED Pum iitaitestenat 
OPERATING CONDITIONS (3) : > iy H 
Me oO 


P, +H 
2° 
conditions should be selected so that operation © O Pe 5 sq 
is always within the following ranges: 06) >< E ss 
) >yO>D-@ EE 
CHARACTERISTIC in. E@—| > 2 
° 
FO : ‘ . 
Supply Voltage Range Be i»: ee Q)« : 
(For Ta Full Package 6Q) >< F 
Temperature Range) n(2) >. 92¢$- 29099 0 5 
Fig. 1 — Logic diagram. ORAIN-TO- SOURCE VOLTAGE (Vps)—V 
Fig. 3 — Minimum output low (sink) 
current characteristics. 
DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA = 25°C; Input t,, t¢ = 20 ns, Cy = 50 pF, R, = 200k {2 oni ~anins VOLTAGE (Vps)—V 


CHARACTERISTIC 


Propagation Delay Time, 


tPHL, tPLH 


OUTPUT HIGH (SOURCE) CURRENT(ILOH)—mA 


Transition Time, 
tTHL. tTLH 92CS- 2432083 


Input Capacitance, Cy py Fig. 4 — Typical output high (source) current 
characteristics. 
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CD4078B Types 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


STATIC ELECTRICAL CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) 25°C 


o 2 


-55, +25, +125 Apply to D, F, K, H Packages 


LIMITS AT INDICATED TEMPERATURES (°C) 
—40, +25, +85 Apply to E Package 


BS 
gs 
ss 


CONDITIONS 


CHARACTER- 
Quiescent Device 


Output Low 


92C5-24321R2 


(Sink) Current 


Fig. 5 — Minimum output high (source) 


current characteristics. 


Output High 


(Source) 


Output Voltage: 


Low-Level, 


VOL Max. 


seececcen: 
20000 soveeneanecoes 


VOH Min. 


Output Voltage: 
High-Level, 


Input Low 


80 100 
LOAD CAPACITANCE (C; )— 


60 


40 


pF 


Input High 


92C5 24322 


Fig. 6 — Typical transition time as a 


function of load capacitance. 


Input Current 


DETAIL OF INVERTERS 


o 


eeeede 
, ‘ 
HE 


INVERTERS 


92CS- 29096 


as a function of load capacitance. 


2 
Fig. 7 — Typical propagation delay time 


mintr., 


KALLA 
*) 20 0) #0 


Lz) ¢ o 


92CS- 28904 


INPUT VOLTAGE (Vy) — V 


A— (9A) 39VLIOA LNdLNO 


0 


COS/MOS PROTECTION 


* ALL INPUTS PROTECTED BY 
NETWORK 


Vss 


Bea ae 
Pari: 


Aw AW Aw AS 
*O a xQ) xQ© 


= Nn 


Fig. 9 — Typical voltage transfer charac- 


92CL-29098 


Vss 


# 


teristics (VOR output). 


Fig. 8 — Schematic diagram. 
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CD4078B Types 


58 AMBIENT TEMPERATURE vimee 
: ee 
PEW EHTS 

tr | 


Nn 
—+—_——+—+ 
_ 


| 
z ey 1 | 
oe + tw 
16 HT & 
28 A ! 
~<a 7 
g. MAAC LT 7" 
ha gay) Z| 
ge ie $4 I INPUTS 
28 Pett 4 ++ 
Su gj f | Yoo NOTE 
aS a | Soepe 4 1! a Ox MEASURE INPUTS 
3 | = | ° SEQUENTIALLY, 
' t v 
& Pie eee ss TO BOTH Vpp AND Vss5 
| 7) te wile green] CONNECT ALL UNUSED 
, , je igh INPUTS TO EITHER 
= Yoo OF Ves 
2 468 2 468 2 468 
102 103 104 Vss 
INPUT FREQUENCY (fy) — kHz Vss 9205 2740¢ 
9208 297% 92CS 2740IR!I 
Fig. 10 — Typical dynamic power dissipation 
as a function of frequency. Fig. 11 — Quiescent-device-current test circuit. Fig. 12 — Input current test circuit. 


Yoo 
INPUTS OUTPUTS 
Vin 
i + 
°o 
Vin : CLOCK 
TOP VIEW 
NOTE e J*A+BtC+D+E+F+G4H 
Vss TEST ANY COMBINATION a K*A+B+C+0+E +F+G4H 
OF INPUTS NC* NO CONNECTION 
92CS-2744iR) 92CS-24593R2 
VSS 92CS-29100 
Fig. 13 — Input-voltage test circuit. Fig. 14 — Dynamic power dissipation test circuit. TERMINAL ASSIGNMENT 
6I 
fe) 10 20 30 40 50 9 

56— aa 3 

50— 

40— 

30— 53-61 

(1. 347—-1.549) 
20— 
1o— 


o— 
____— 4-10 
(0. 102-0. 254) 


58-66 92C$- 29101 
(1.474 -1.676) 


Dimensions and pad layout for CD4078BH. 


The photographs and dimensions of each CMUS chip 


. . . . “ap represent a chip when it is part of the wafer. When the 
Dimensions in parentheses are in millimeters and are water is separated into individual chips, the angle of 


derived from the basic inch dimensions as indicated. cleavage may vary with respect to the chip face for 


Grid graduations are in mils (10-3 inch). different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CMOS Dual 2-Wide 


2-Input AND-OR-INVERT Gate 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4085 contains a pair of AND- 


OR-INVERT gates, each consisting of two 
2-input AND gates driving a 3-input NOR 
gate. Individual inhibit controls are provided 
for both A-O-I! gates. 


The CD4085B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 


CD4085B Types 


INHIBIT; 


Features: 


® Medium-speed operation — tpy_ = 90 ns; 
tpLH = 125 ns (typ.) at 10 V 
® Individual inhibit controls 
® Standardized symmetrical output characteristics 
® 100% tested for quiescent current at 20 V 
® Maximum input current of 1 vA at 18 V over full package- 


E = INHIBIT +AB+CD 
LOGIC | ® HIGH 
LOGIC Of LOW 


92CS-23890R2 


FUNCTIONAL DIAGRAM 


temperature range; 100 nA at 18 V and 25 C 


® Noise margin (over full package- 
temperature range): 
1 Vat Vpp =5V 
2V at Vpp= 10 V 
2.5 V at Vpp = 15 V 
= 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘’Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


ages (E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


r 


Bases 
w 
ORAIN CURRENT (Ip) — mA 


OUTPUT VOLTAGE (Vo)—V 


ry 
MiTStitiiiiii 


MAXIMUM RATINGS, Abso/lute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) ~ , 


INPUT VOLTAGE (Vz)—V 


es 
8 
e 
' 
S 
3 
*« 


(Voltages referenced to Vsg Terminal) , —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . —0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT +10 mA Fig. 1 — Typical voltage and current 
POWER DISSIPATION PER PACKAGE (Pp): ancien hatanbeneiin. 

For Ta = —40 to +60°C (PACKAGE TYPE E) . 500 mw 

For Ta = +60 to 85°C (PACKAGE TYPE E) . . Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mw 


For TA = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 112 mw/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AII Package Types) 
OPERATING-TEMPERATURE RANGE a 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE Tack 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


8 

8 

100 mw a 
—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


4 ht ar 

UOT 
12.5 5 I7.5 20 22.5 

“92acs- 24524 


OUTPUT VOLTAGE (Vo)—V 


+265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 


Operation is always within the following ranges: 
LIMITS UNITS 


CHARACTERISTIC 
Supply-Voltage Range (For T a=Full Package: 
Temperature Range) 7 3 


INPUT VOLTAGE (Vz)—V 


Fig. 2— Min. and max. voltage transfer 
characteristics. 


z 

a 

| 

. 
= AT 
z yA 
= AA | 
aie Voo < 7 
ee fo : zee 
Els INHI+AlBI+CIDl 4 3 cl = mae 
E2=INH2+A2B2+C202 — 4 INHIBIT 2 2 mai 
A2— 5 INHIBIT | ° =s: 
B2— 6 02 mai 
Vss = c2 mens 


92CS-23889R1 


FREQUENCY (f)— kH 


Terminal Assignment 92C$-24323 


Fig. 3 — Typical power dissipation vs. frequency. 
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CD4085B Types 


iJ 
° 
°o 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K,H Pkgs. 


CHARAC- 


TERISTIC CONDITIONS Values at —40,+25,+85 Apply to E Pkgs. 
Vo | Yin} Yop 
(V) (V)} (Vv) —40 | +85 | +125 


Quiescent 
Device 
Current 

IDpb Max. 


Bre 
= 
” 


+ 
( ain 
5 |s 


2 
Pe 
Output Low 
(Sink) 0.36 
lou Min. Pa [28 [24 | 34! 68 
Output High 0.61 | -0.42|-0.36]-051[ —1 a 
(Source) |—-1.8 | -1.3 |-1.15| -1.6 | -3.2 
Current, [-1.5 | -1.1 |-0.9 | -1.3 | 
io Min. —2.8 |—2.4 | -3.4 


Output Volt- 
age: 
Low-Level, 
Vor Max. 

Output Volt- 
age: 

High-Level, 

VOH Min. 


Input Low 
Voltage, 
Vit Max. 


N 


Input High 
Voltage, 
ViH Min. 


icc ea Sa 
Input 
Current, +0.1 | +0.1 +] +4 
lin Max. 


Tape AMOIENT TEMPERATURE (T4)-28 “CHAT TIH| 


am ee 
Seger 


rei 
a4} 
sede 
ee 


AMBIENT TEMPERATURE (T,)*25°C 
LOAD CAPACITANCE (C,)*50 pF 


OEL AY TIME (teyL) fn 


HIGH - TO—- LOW LEVEL PROPAG. 


° 20 40 60 100 92cs— 24925 
LOAD CAPACITANCE (CL i— pF 


Fig. 4 — Typical data high-to-low level! propagation 
delay time vs. load capacitance. 
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Hi 
20 


40 60 60 
LOAD CAPACITANCE (C, )—pF 92CS- 24526 


Fig. 5 — Typical data low-to-high level! propagation 
delay time vs. load capacitance. 
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SUPPLY VOLTAGE (Von) —V 
92cS- 24527 


Fig. 6 — Typical data propagation delay time vs. 
supply voltage. 
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AMBIENT TEMPERATURE (Ta)= 25°C 


Input t,, tz = 20 ns, 


= 25°C: 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta 


50 pF, Ry = 200 KQ 


92C5-24318R3 


current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
Fig. 7 — Typical output low (sink) 


AMBIENT TEMPERATURE (Ta)= 


5 


N 
ww — (191) LN3BYND (MNIS) MOT LN@LNO 


LIMITS 


CONDITIONS 


e 


Low-to-High Level, 


3 
> 
® 

— 
2 
ie} 

— 
2) 
oe 

<= 

= 

a 


High-to-Low Level, 
Low-to-High Level, 


Cy 
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® 
oO 
Cc 
fe) 
=) 
is] 
mo 
Se) 
Qa 
fe) 
ho 
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CHARACTERISTIC 
Propagation Delay Time (Data): 
Transition Time 


Any Input 


Input Capacitance, 


ORAIN- TO-SOURCE VOLTAGE (Vps)—V 


92CS5 -24319A81 


Fig. 8 — Minimum output tow (sink) 


current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


DRAIN- TO- SOURCE VOLTAGE (Vps)—V 


-10 


-15 


Vv 
e 
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N 
. 
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- 
~ 
' 
bad » 
« 
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< 
4 
Ww 
a 
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yw—(HOT)LN3YYND (3DNNOS) wi indino 
o 


sy —(H12 4° 1H 4) 3m. NOILISNVUL 


LOAD CAPACITANCE (C, )—oF 


92CS-24321R2 


Fig. 11 — Minimum output high (source) 


92C$-24320R5 


Fig. 10 — Typical output high (source) 


92CS-24322 


Fig. 9 — Typical transition time vs. load 


current characteristics. 


current characteristics. 


capacitance. 


Yoo 


INPUTS 


NOTE: 


OuTPUTS 


Ww 
- 
> 
a 
z 


MEASURE INPUTS 


’ 


SEQUENTIALLY 
TO BOTH Vpp AND Vss: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vss° 


Vss 


NOTE. 


TEST ANY COMBINATION 


OF INPUTS 


92CS-274C2 


92CS- 2740IRI 


92CS-2744IR) 


Fig. 14 — Input current test circuit. 


Fig. 13 — Input voltage test circuit. 


Fig. 12 — Quiescent device current test circuit. 
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INHIBIT | 
* 


(9 


Yoo 


c1 (2 7 


1@>- 


< 
2) 
w 


INHIBIT 2 


| = 4-10 
(0.102—- 0.254) 
46-54 


(1.168 — 1.372) 
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Yoo 


: a} 
4 Se + t—o 


TERM. 14* Vo Voo 
TERM. 7" Vss 


Vss 


**ALL INPUTS PROTECTED BY 
STANDARD COS/MOS PROTECTION " 
NETWORK $s 


92CL-2369IRI 


Fig. 15 — CD4085 schematic diagram. 


Dimensions in parentheses are in millimeters and are 


48— 56 derived from the basic inch dimensions as indicated. 
(1.219— 1.422) 


Grid graduations are in mils ( 10~3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when itis part of the wafer. When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and Pad Layout for CD4085B8H. 


CD4086B Types 


CMOS Expandable 4-Wide as 
2-Input AND-OR-INVERT Gate 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4086B contains one 4-wide Features: 
2-input AND-OR-INVERT gate with an = Medium-speed operation — tpH_ = 90 ns; LOGIC 8 HIGH 
INHIBIT/EXP input and an ENABLE/ tPLH = 140 ns (typ.) at 10 V ane 
EXP input. For a 4-wide A-O-| function # INHIBIT and ENABLE inputs ‘eam ceae Ves *? 

® Buffered outputs NGs4 


INHIBIT/EXP is tied to Vgg and ENABLE/ 


EXP to Vpp. See Fig.10 and its associated m 100® tested Tor quiescent Current at 20 V Js INH + ENABLE + AB+CO+ EF +GH 

. - = Maximum input leakage current of 18 V 92CS- 238 70RI 
explanation for applications where a cap- evar full kage-temperature range: 
ability greater than 4-wide is required. 100 nA at 18 V and 25°C FUNCTIONAL DIAGRAM 


@ Noise margin (over full package 


7up SOAIROE is supplied in14-lead Guarin tormperature range): 
line ceramic packages (D and F suffixes), 1Vat Vpp=5V 
14-lead dual-in-line plastic packages (E suf- 2 Vat Vpp = 10 V : 
fix), 14-lead ceramic flat packages (K suffix), 2.5 V at Vpp = 15 V JsINH+ENABLE + . 
. ° +CD+ 
and in chip form (H suffix). @ Standardized, symmetrical output es NC 
characteristics E 
@ 5-V, 10-V, and 15-V parametric ratings F 
® Meets all requirements of JEDEC Tentative Vss 
Standard No. 13A, “Standard Specifications 92CS -23869R! 
for Description of ‘B’ Series CMOS Devices’’ Top View 
TERMINAL ASSIGNMENT 
MAXIMUM RATINGS, Abso/ute-Maximum Values: betes Terence faa cee 
ean 
DC SUPPLY-VOLTAGE RANGE, (Vpp) saucnscaesccanguegecucucssess 
(Voltages referenced to Vsg Terminal) i #¢ @ « &@ @ ww» «© * © & «@ » &. . —OStet20V - OC led |2; ree 
INPUT VOLTAGE RANGE, ALLINPUTS . . ..... . . . . . . 0.5 to Vpp +0.5 V li seceepaneener ies 
DC INPUT CURRENT, ANY ONEINPUT . . . . 1 2 1 ee ee eee ee OMA 2 FEE a HEH 
POWER DISSIPATION PER PACKAGE (Pp): 2 i isseeee..ee 
For Ta = —40 to +60°C (PACKAGE TYPEE) . . . . . «ee ee ee 500 mW 3 ioe 
For Ta = +60 to +85°C (PACKAGE TYPE E) . . . . .  ODerate Linearly at 12 mW/°C to 200 mW ia ss 
For Ta = -55 to +100°C (PACKAGE TYPESD,F,K) . . . . . . ee ee «© 500mW 2 ss 
For Ta = +100 to +125°C (PACKAGE TYPES D,F,K) . . . Derate Linearly at 12 mW/°C to 200 mW 2 as 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR ss 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . .  100mW Se 
OPERATING-TEMPERATURE RANGE (Ta): 5 ss 
PACKAGE TYPESD,F.K,H 2 6 6 2 ee ee ee ee ee eee ©6S tO +T2BC _ 
PACKAGETYPEE . . . . . 2 1. ee ee ee ee ee 40 to +85°C OO Pe sece-s0ers 
STORAGE TEMPERATURE RANGE (Tgtg) © 5 7 ee ee ee —65 to +150°C Fig. 1 — Typical voltage and current transfer 
LEAD TEMPERATURE (DURING SOLDERING): characteristics. 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for10s max. . . . . . . . +265°C 


AMBIENT TEMPERATURE (Tq)*28°C [TT] 
Seee GERSREE SRGERRSARhaHEea 
15 SERSS CORSE ASSP ASEHROTRSSES 
SSSGe eRe SSR TOT Hae Dena Gs 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 
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CHARACTERISTIC 
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1S 


INPUT VOLTAGE (Vz)—V 


Supply-Voltage Range (For T , = Full Package- 


Temperature Range) Fig. 2— Minimum and maximum voltage transfer 
characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
Values at —40,+25,+85 Apply to E Pkgs. 


CHARAC- 
TERISTIC 


CONDITIONS 


Quiescent 
Device 
Current 


Output Low 
(Sink) 
Current, 


Current, 
1OH Min. 
Output Volt- 
age: 
Low-Level, 
VOL Max. 
Output Volt- 
age: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
ViL Max. 


Input High 
Voltage, 
Vin Min. 
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Fig.6 — Typical transition time vs. load capacitance. Fig.7 — Typical power dissipation vs, frequency. 
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ORAIN-TO-SOURCE VOLTAGE (Vps)—V 
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Fig. 3— Typical output low (sink) 
current characteristics. 
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Fig. 4 — Minimum output low (sink) 
current characteristics. 
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OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 
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Fig.5 — Typical output high (source) 
current characteristics. 
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LOAD CAPACITANCE (C_)— pF 
is Fig. 11 — Typical DATA or ENABLE high-to-low 
level propagation delay time vs. load 
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Fig. 9 — CD4086B schematic diagram. 
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J2=AlBI+Cl DI+El FI+G! HI +A2 B2+C2 D2+E2 F2+G2 H2 
Fig. 13 — Typical DATA or ENABLE propagation 


92CS -23871 delay time vs. supply voltage. 


Fig. 10 — Two CD4086B8’s connected as an 8-wide 2-input A-O-/ gate. 


Fig. 10 above shows two CD4086’s utilized 
to obtain an 8-wide 2-input A-O-I function. 
The output (J1) of one CD4086 is fed di- 
rectly to the ENABLE/EXP2 line of the 
second CD4086. In a similar fashion, any 


NAND gate output can be fed directly into 
the ENABLE/EXP input to obtain a 5-wide 
A-O-| function. In addition, any AND gate 
output can be fed directly into the IN- 
HIBIT/EXP input with the same result. 
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DYNAMIC ELECTRICAL CHARACTERISTICS 


At Ty = 25°C; Input t,, ts= 20ns, Cy, = 50 pF, Ry = 200 kQ 


CHARACTERISTIC 


Propagation Delay Time 
(Data): 
High-to-Low Level, tpy, 


Low-to-High Level, tPLH 


Propagation Delay Time 
(Inhibit): High-to-Low 


Level, tpi (INH) 


Low-to-High Level, 
"PLH(INH) 


Transition Time, 
tTHL TLH 


Input Capacitance CN 


{te 


O 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~3 inch). 


Wey 
= 4-10 
(0.102 - 0.254) 
46-54 
(1.168 — 1.372) 


LIMITS 


sw 
=) 


~ 
o 


48-56 
(1.219— 1.422) 


92CS-32ell 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actua! dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and Pad Layout for the CD4086BH 
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TEST CIRCUITS 


92CS- 2740I1R1 


Fig. 14 — Quiescent device current. 
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INPUTS OUTPUTS 


° 
Vin : 
NOT 


E. 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 
Voo OR Vss: 


92CS- 27400RI 


Fig.15 — Input voltage. 


INPUTS 
Yoo NOTE 
oT) MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vop AND Vss; 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vss_- 
92CS-27402 


Fig. 16 — Input leakage current. 


CMOS 
Binary Rate Multiplier 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4089B is alowpower 4-bit digital 
rate multiplier that provides an output pulse 
rate that is the clock-input-pulse rate multi- 
plied by 1/16 times the binary input. For 
example, when the binary input number is 
13, there will be 13 output pulses for every 
16 input pulses. This device may be used in 
conjunction with an up/down counter and 
control logic used to perform arithmetic 
operations (adds, subtract, divide, raise to a 
power), solve algebraic and differential equa- 
tions, generate natural logarithms and trigo- 
metric functions, A/D and D/A conversions, 


and frequency division. 
For words of more than 4bits, CD4089B 


devices may be cascaded in two different 
modes: an Add mode and a Multiply mode 
(see Figs.14 and 15). In the Add mode some of 
the gaps left by the more significant unit at 
the count of 15 are filled in by the less 
significant units. For example, when two 
units are cascaded in the Add mode and 
programmed to 11 and 13, respectively, the 
more significant unit will have 11 output 
pulses for every 16 input pulses and the 
other unit will have 13 output pulses for every 
256 input pulses for a total of 

11 13 — 189° 


16 "256 256 
In the Multiply mode the fraction pro- 
grammed into the first rate multiplier is 
multiplied by the fraction programmed into 
the second multiplier. Thus the output rate 
wili be 11 13 «143. 


x 
16 16 256 


Features: 


® Cascadable in multiples of 4-bits 

@ Set to “15” input and “15” detect output 
=® 100% tested for quiescent current at 20 V 
#5-V, 10-V, and 15-V parametric ratings 


@ Standardized, symmetrical output characteristics 
@ Maximum input current of 1 uA at 18 V over 


full package-temperature range; 100 nA at 
18 V and 25°C 
® Noise margin (full package-temperature 
range) = 
1 Vat Vpp=5V 
2 Vat Vpp=10V 
2.5 V at Vpp = 15 V 


®@ Meets all requirements of JEDEC 
Tentative Standard No. 13A, ‘‘Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices” 


Applications: 


=# Numerical control 

#@ Instrumentation 

® Digital filtering 

® Frequency synthesis 


The CD4089B has an internal synchronous 
4-bit counter which, together with one of the 
four binary input bits, produces pulse trains 
as shown in Fig. 2. 


If more than one binary input bit is high, the 
resulting pulse train is a combination of the 
separate pulse trains as shown in Fig. 2. 


The CD4089B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F suf- 
fixes), 16-lead dual-in-line plastic packages 
(E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (P7,): 
For Ta = —40 to +60°C (PACKAGE TYPE €) . 
For T, = +60 to +85 C (PACKAGE TYPE E) 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Tp = 
OPERATING-TEMPERATURE RANGE rT ys 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E ‘ 
STORAGE TEMPERATURE RANGE it; ) 
LEAD TEMPERATURE (DURING SOLDE RING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 


. —0.5to +20 V 
—0.5to Vop +0.5V 
; 410 mA 


500 mW 
erate: Lineariya at 12 mw/° C to 200 mW 
500 mW 
Sarai ‘Ciaenity at 112 mwW/ °C to 200 mw 


100 mW 

° 
—55 to +1 25¢ 
—40 to +85 C 
—65 to +150 C 


+265 °C 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 


ou —mA 


OUTPUT LOW (SINK) CURRENT (I 
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BINARY RATE 
SELECT INPUTS 
te) 


CLOCK 
INHIBIT 


(CARRY) IN 


BINARY RATE 
OUTPUTS 
COUNTER 

"IS" OUT 


INHIBIT (CARRY) OUT 
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FUNCTIONAL DIAGRAM 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


9°85 2assgR* 
Fig. 1 — Typical output low (sink) current 
characteristics. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CS 24419R1 
Fig. 2 — Minimum output low (sink) current 
Characteristics. 
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Fig. 3 — Typical output high (source) current 
characteristics. 
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RECOMMENDED OPERATING CONDITIONS at Tq = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within 


the following ranges: 
CHARACTERISTIC 


Supply-Voltage Range (For T, = Full Package- 
Temperature Range) 


Set or Clear Pulse Width, 


Clock Pulse Width, 


Clock Frequency, 


Clock Rise or Fall Time, 


Inhibit In Setup Time, 


Inhibit In Removal Time, 


Set Removal Time, 


Clear Removal Time, 


w A 
1gO0 O 
a 8 
150 @ 
a C 
20 O 
a OD 
30 O-OU 
coven 
6 2a 
Qq 
Egiiine Qp 
“30 me ©. BINARY Sp 
Q 
sp bi "5" COUNTER a; 
%4 
Qj 
hilte 
INHIBIT IN 


*ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NET WORK 7 

Qb 

6 


Yoo 


Vss 
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Fig. 4 — Logic diagram. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
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EH 


see 


OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


92CS-24321R2 


Fig. 5 — Minimum output high (source) current 
characteristics. 
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LOAD CAPACITANCE (C_)— pF 
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Fig. 6 — Typical propagation delay time as a 
function of load capacitance (Clock 
or Strobe to Out). 


AMBIENT TEMPERATURE (Ta)=25°C 


TRANSITION TIME (trHL.tTLH)—1s 


°0 20 4 #260 80 100 
LOAD CAPACITANCE (CL)— pF 
92CS-24322 


Fig. 7 — Typical transition time as a function 
of load capacitance. 
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Fig. 8 — Typical dynamic power dissipation as a 


function of input frequency. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; 
Input t,, ty = 20 ns, Cy = 50 pF, Ry = 200 k2 


TEST 
CONDITIONS 


CHARACTERISTIC 


Propagation Delay Time, tpHL. tPLH 
Clock to Out 


+ 

< 

Ss 
— NO 
oN 
oo & 


150 300 


~N 
or 
_ 
1° 4) 
© 


Clock or Strobe to Out 


ca 

oS 
—_— — ) 
won @ 
ono 
NOwO™w 
oO oD 
oo Oo 


60 120 


Clock to Inhibit Out 
High Level to Low Level 


250 500 
Low Level to High Level 


Clear to Out 


Clock to ‘’9” or ‘’15’’ Out 


90 180 
Cascade to Out 


WO 
aon 
~S 
(o>) 


160 320 
Inhibit In to Inhibit Out 


oO 

own 
Cornu 
oO}; — 
oO}; — 
O;o 


Set to Out 


Transition Time, (THL: tTLH 


Maximum Clock Frequency, fox 
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oO © 
on 
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Minimum Clock Pulse Width, tw 


Clock Rise or Fall Time, tecc, tei 


Minimum Set or Clear Pulse Width, ty 


Minimum Inhibit-In Setup Time, — tsy 


Minimum Inhibit In 
Removal Time, 
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Fig. 9 — Dynamic power dissipation test circuit. 
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Fig. 10 — Quiescent device current test circuit. 
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MEASURE INPUTS 

SEQUENTIALLY, 

Vss TO BOTH Vop AND Vss: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss_ 
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Fig. 11 — Input-current test circuit. 
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Fig. 12 — Input-voltage test circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T , = 25°C (cont'd) 
Input t,, te = 20 ns, Cy = 50 pF, Ry = 200 k22 


CHARACTERISTIC 


pe 
Minimum Set Removal Time, trey ate 40 
15 


Minimum Clear Removal Time, trey MHBEE 
15 


Input Capacitance, Ciny [Any Any input] ~  f ~— 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


CONDITIONS | Values at -55, +25, +125 Apply to D, F, K, H Packages ) 
Values at —40, +25, +85 Apply to E Package 


CHARAC.- 
TERISTIC 


(vy | (vy ftv) +85 |+125 i [ 
|= | os] 5s] 5{ 5] 150] iso] - | 004] 
| = joro] {10} 10] 300] 300 ens yA 
| = jos] 15| 20] 20] 600] oo] - | ooa| 20 
[= fo20| 20 | 00] —r00 | 3000] 3000-| — | 008 | 00 
joa | 05| 5| 064] 061] 0.42/ 036] 051] 1] - | 
Output Low 
ioumn [is [ors is] aa] «| 2a] 2a] a4] ca] — 
Source)” [25 | 05] 5| -2| -18[ 13] 115 -16| -32| — 
cure {9.5 [0,10] 10 | ~1.6] -15 | -1.1] -o9] -13] -26] -_ 
0 | = | os] 5 0.05 |= | 0] 00s) 
utput Voltage: 
Low-Level, |  [ovo} io] soos | - =| 008) 
You [- fowfisf ons | fos) y 
Out | - |os| s| 495 | ag5f 5 — | 
Voltage: | - [orl] 995 | 9.95{ to - 
High-Level, paul 46 14.95 14.95 
vou min [| - fos] 1s] 495 s498) 15] 
a 
oltage 
ds TT 3 a Raa A BES V 
i fosas| - | 5 | 3.5 ae 
put High iaesce 
vag Mie ScaEaCE 2 
_ fees psp 
lin Max. 
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MOST SIGNIFICANT LEAST SIGNIFICANT 
TRUTH TABLE Hee an 


INPUTS OUTPUTS 


Number of Pulses or Number of Pulses or 
Input Logic Level Output Logic Level 
(0 = Low; 1 = High; X = Don’t Care} (L = Low; H = High) 


OUT} OUT INH | “15” 
OUT|OUT 
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92CS-25008 
Fig. 13 — Two CD4089B’'s cascaded in the ‘Add’ 
mode with a preset number 
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92CS -25009 
Fig. 14 — Two CD4089B's cascaded in the “Multiply” 
mode with a preset number 
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16 16 256 


x KI KK XK 


ry STR | CAS 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
9 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

1 

1 

x 


x< 


* Output same as the first 16 lines of this truth table (depending on values of A, B, C, D). 
t Depends on internal state of counter. 


CLOCK 
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Fig. 15 — Timing diagram. 


{hi Het 

‘Us : = Jf A 

mili Meira E Dimensions in parentheses are in millimeters and 
= WU Ai it ng , are derived from the basic inch dimensions as in- 


Fe i dicated. Grid graduations are in mils (10-3 inch). 


The photographs and dimensions of each CMOS chip 

| ; 4-10 represent a chip when it is part of the wafer. When the 
(0.102-0.254) wafer is separated into individual chips, the angle of 

= [OS =WS) cleavage may vary with respect to the chip face for 
(2.667- 2.870) different chips. The actual dimensions of the isolated 


-29156R2 
i chip, therefore, may differ slightly from the nominal 


dimensions shown. The user should consider a tolerance 


Dimensions and Pad Layout for CD4089BH of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4093B Types 


CMOS 


Quad 2-Input NAND 
Schmitt Triggers 


High-Voltage Types (20 Volt Rating) 


The RCA-CD40938B consists of four Schmitt- 
trigger circuits. Each circuit functions as a 
two-input NAND gate with Schmitt-trigger 
action on both inputs. The gate switches at 
different points for positive- and negative- 
going signals. The difference between the 
Positive voltage (Vp) and the negative volt- 
age (Vy) is defined as hysteresis voltage (V4) 
(see Fig. 2). 


The CD40938B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
package (E suffix), 14-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 


Features: 


® Schmitt-trigger action on each input with no 
external components 

® Hysteresis voltage typically 0.9 V at 
Vpp = 5 V and 2.3 V at Vpp = 10 V 

® Noise immunity greater than 50% 

® No limit on input rise and fall times 

® Standardized, symmetrical output characteristics 

® 100% tested for quiescent current at 20 V 

® Maximum input current of 1 vA at 18 V 
over full package-temperature range, 
100 nA at 18 V and 25°C 

# 5-V, 10-V, and 15-V parametric ratings 

@ Meets all requirements of JEDEC Tentative 


Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


Applications: 


@ Wave and pulse shapers 

® High-noise-environment systems 
® Monostable multivibrators 

® Astable multivibrators 

® NAND logic 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vsg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


For Ty = -55 to +100°C (PACKAGE TYPES D, F, K) . 


For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE ER 6 a 8k ee Oke ee we HO 

STORAGE TEMPERATURE RANGE (Tetq) 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


Yoo Yo 
ba 3 
Vs, 


| i] 
| i] 
see) es 
! ac 
| 1 
Voo = 
Vss 


a) Definition of Vp Van Vey 


—. © «© © @ @& + © «© =e ew 2 & © « @ 


b) Transfer characteristic 


; —0.5 to +20 V 
—0.5 to Vpp +0.5 V 
‘ +10 mA 


, oe ee ew ee ee) 8800 mw 
Derate Linearly at 12 mW/°C to 200 mW 
toe ee ee le ee 800 mW 
Derate Linearly at 12 mW/°C to 200 mW 
100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


Yoo 


v 


c) Test setup 


V4 "Vp- Vy 


ve 


Vn Vp 


of 1 of 4 gates. 92CM-23882RI 


Fig. 2 — Hysteresis definition, characteristic, and test setup. 


CHARACTERISTIC 


92CS-23880 


FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges. 


[ewanacrenistic Jum wax [oniTs 


Supply-Voltage Range 
(Tp = Full Package- 
Temp. Range) 


* 
1(5,8,12) 
& ie @ : = ( ) 3(4,10,1") 
2(6,9,13)C ) 


Fac INPUTS PROTECTED BY COS/MOS 
PROTECTION NETWORK 


Yoo 


92CS-2388iRI Vss 


Fig. 1 — Logic diagram—1 of 4 Schmitt triggers. 
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CHARACTERISTIC 
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OUTPUT 
REGION 


LOGIC "0" 
OUTPUT 
REGION 


92CS-23883R3 
Fig. 3 — Input and output characteristics. 
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CD4093B Types 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 
CHARACTER- CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
ISTIC Values at —40, +25, +85 Apply to E Packages 
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Current, Ippo 
Max. 
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INPUT VOLTAGE (Vy)- v 


92CS 24827 
Fig. 4 — Typical current and voltage 
transfer characteristics. 
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92CS 24828 
Fig. 5 — Typical voltage transfer characteristics 
as a function of temperature. 


Negative Trigger 
Threshold Voltage 
Vy Min. 
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OUTPUT LOW (SINK) CURRENT (Io) —mA 


DRAIN-TO-SOURCE VOLTAGE (Vps)-~ V 


Hysteresis Voltage 
Vy Min. 


Fig. 6 — Typical output low (sink) current characteristics. 
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DRAIN- TO-SOURCE VOLTAGE (Vps)—-V 
92CS -24319R: 

4 Input on terminals 1,5,8,12 or 2,6,9,13; other inputs to V ‘ . =, : 
r . DD Fig. 7 — Minimum output low (sink) current 


b i i * - 
Input on terminals 1 and 2, 5 and 6,8 and 9, or 12 and 13; other inputs to Vop. characteristics. 
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CD4093B Types 


STATIC ELECTRICAL CHARACTERISTICS (CONT‘D) DRAIN- TO- SOURCE VOLTAGE (Vps)—V 


-1§ -10 -5 (e) 


To 
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ee 
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OUTPUT HIGH (SOURCE) CURRENT(I OH)—mA 


Output High 
(Source) 
Current, 


'OH Min. 


Fig. 8 — Typical output high (source) current 
characteristics. 


Output Voltage 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


VOL Max. 


Output Voltage 
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VOH Min. 
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DYNAMIC ELECTRICAL CHARACTERISTICS HUE HEHEHE fe 
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Fig. 9 — Minimum output high (source) current 


characteristics. 


CHARACTERISTIC 
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Fig. 10 — Typical propagation delay time 
vs. supply voltage. 
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Fig. 11 — Typical t ition ti | ~ ig. - ical cent hysteresis vs. 
- nae ial al Fig. 12 — Typical trigger threshold voltage vs. Vop- Pie PS — Typical percent MY 
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CD4093B Types 


10%] AMBIENT TEMPERATURE (Tag)=25°C AMBIENT TEMPERATURE (Tg)= 25°C 
LOAD CAPACITANCE (C, #15 pF 


SUPPLY VOLTAGE (Vpp) *!5V 


z a FREQUENCY (1)*100 kHz 
r l 
a r-) 
é - APPLICATIONS 
g Fi 
- a TO CONTROL 
< 8 SIGNAL 
a eo OR Vop 
« ; 
At a or le 
2 2 
1/4 CD40938 
92CS- 23885 
FREQUENCY RANGE OF WAVE SHAPE 
1S FROM OC TO | MHz 
FREQUENCY (t)—kHz RISE AND FALL TIME (t,,t))—ns 
92CS- 24833 Ssce-sa ase 
Fig. 14 — Typical power dissipation vs. Fig. 15 — Typical power dissipation vs. rise and Fig. 16 — Wave shaper. 
frequency characteristics. lh Ganas 
Yoo TO CONTROL SIGNAL 
TO CONTROL ' 
SIGNAL OR Voo Yoo pera =| 
OR Voo bi] , 174040938 
D Vs 
Vpo - ¥; 
ta = RC l(a 
ss ty = RC Mn SOkQ<R<IMN 
Vss Yoo" Vp 100 pF<C< pF 
SORKN SR<IMN 
100 pF <C < IpF FOR THE RANGE OF R ANDC GIVEN 
2pus < ta <048 
FOR THE RANGE OF R AND C 92CS-23887AI 
GIVEN Sys < ty <Is 
; = ss 
‘erecesmen Fig. 18 — Astable mul/tivibrator. a2cs- 79461 
Fig. 17 — Monostable multivibrator. Fig. 19 — Quiescent device current test 
circuit. 
Yoo 
INPUTS 
Voo NOTE 
a One MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vop AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OF Vgs 
Vss 
92CS- 27402 (TOP VIEW) 
92CS-24835 
Fig. 20 — Input current test circuit. TERMINAL ASSIGNMENT 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (1 0-3 inch). 


— 


41-49 
(1.041- 1.245) 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
LL. __ -10 dimensions shown. The user should consider a tolerance 
(0:102-0.254) of —3 mils to +16 mils applicable to the nominal 


T Abs- 2 Corr dimensions shown. 


a 


92CS-35099 


Dimensions and Pad Layout for CD4093BH 
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CD4094B Types 
CMOS 


8-Stage Shift-and-Store 


Bus Register 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4094B is an 8-stage serial shift 
register having a storage latch associated 
with each stage for strobing data from the 
serial input to parallel buffered 3-state out- 
puts. The parallel outputs may be connected 
directly to common bus lines. Data is shifted 
on positive clock transitions. The data in 
each shift register stage is transferred to the 
storage register when the STROBE input is 
high. Data in the storage register appears at 
the outputs whenever the OUTPUT -ENABLE 
signal is high. 


Two serial Outputs are available for cascad- 
ing a number of CD4094B devices. Data is 
available at the Os serial output terminal on 
positive clock edges to allow for high-speed 
operation in cascaded systems in which the 
clock rise time is fast. The same serial infor- 
mation, available at the Q's terminal on the 
next negative clock edge, provides a means 


for cascading CD4094B devices when the 
clock rise time is slow. 


The CD4094B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 
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| u | 
| ‘Yoo | ‘ss 
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Fig. 2 — CD4094B Logic diagram. 
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SERIAL 
OUTPUTS 
[2] 


v Q' 
Features: pictus ‘ 
REGISTER 


® 3-state parallel outputs for connection to common bus 
® Separate serial outputs synchronous to both positive 8-BIT 
and negative clock edges for cascading REGISTER 
= Medium speed operation — 5 MHz at 10 V (typ.) 
®@ Standardized, symmetrical output characteristics 
® 100% tested for quiescent current at 20 V 
® Maximum input current of 1 vA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25 C 
® Noise margin (full package temperature range): 
1 Vat Vpp=5V 2V at Vpp = 10 V 
2.5 V at Vpp = 15 V 
#5-V, 10-V, and 15-V parametric ratings 


® Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


OUTPUT 
ENABLE |S] 4- 


PARALLEL OUTPUTS Qi-Q8 
(TERMINALS 4,5, 6, 7, 14,13, 12,11, 


RESPECTIVELY) 
92CS - 24564RI 


FUNCTIONAL DIAGRAM 


Voo 
OUTPUT ENABLE 


Applications: 


® Serial-to-parallel data conversion 
® Remote control holding register ae ane 92C5 
® Dual-rank shift, hold, and bus applications 


2 
3 
4 
5 
6 
v 
8 


5642 


Fig. 1 — Terminal assignment. 


MAXIMUM RATINGS, Absol/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Veg Terminal) .......6cccneseececccseser eer ssncseveneereuneenens -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS scccsccnescrerenaasecuavisrecoesnneedensesens -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ssciccassssessasetesaseccioasarsaeissaca te iedeas ewes oo +10 mA 


POWER DISSIPATION PER PACKAGE (Pp): 


For Ty, = -40 to +60°C (PACKAGE TYPE E) ...... ee eee eee cence erent ene e cence enn e nes 500 mW 
For Tp = +60 to +B5°C (PACKAGE TYPE €). ssscsecvtwatenesdveas Derate Linearly at 12 mW/°C to 200 mW 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K)....-. 0. eee cece eee eect eee e ete e ences 500 mW 
For Tp = +100 to +125°C (PACKAGE TYPES D, F, K) ............ Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............. eee e neue 100 mW 
OPERATING-TEMPERATURE RANGE (T a): 
PACIIAGE TYPES ULF, Kall +ouses ecaitena denen sees Gh erasahs 0560s40 NED Ree heed -55 to +125°C 
PACKAGE Tie © 60655060055 pr dccake pecneeee bwabemedia Kesasens Ses den Se Saus Raee RARE -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) (di RDeR Coed hid cetekeNeROSMes an eee sewonerick -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1:59 + 0.79 mm) from case for 10S: MAX. csscsessccnsaeceaveeieas sass +265°C 
CLOCK : 
Sef oliNg ora wT LIT tL 
STAGES Qs STROBE | | 
3-7 | 14 | 
output iT | Lit ee 
ENABLE | 
INTERNAL aT 
3 STAT 
Yop ourpurQh S| LIT Uo L-ag- 
INTERNAL 
OuTPUT —o 
SERiat Q 
| 
3- SERIAL ee | | ! 
OUTPUT 
STATE 
8 92C% 25632 
sr ootuos ETE 
PROTECTION NETWORK Fig. 3 — Timing diagram. 
OOM® i) 
Q3 4 05 Q6 Q7 a8 
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CD4094B Types 


RECOMMENDED OPERATING CONDITIONS at 7,4 = 25°C, Except as Noted. TRUTH TABLE 
For maximum reliability, nominal operating conditions should be selected so that ee ee | 
a $ 
operation is always within the following ranges: ras | 
X 
x 
CHARACTERISTIC ® 
1 
1 
Supply-Voltage Range (For Ta=Full i a 
Package-T emperature Range) x - repre ee : = ee) 
NC = No Change 


OC = Open Circuit, 


* At the positive clock edge information in the 7th shift register 
Data Setup Time, ts stage is transferred to the 8th register stage and the Qs output. 


Clock Pulse Width, tw 


HH 

Mt GATE- 70- ~SOURCE “VOLTAGE (Vgg)"I8 V4 ~ 

seucencusucucsese>— rH 
2eanae 


Clock Input Frequency, fcL 


Clock Input Rise or Fall time, 
t-CL, CL: 


OUTPUT LOW (SINK) CURRENT (Io) —mA 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


9205 24518R3 


p ‘ 
Strobe Pulse Width, ‘Ww Fig. 4 — Typical output low (sink) current 


characteristics. 


“If more than one unit is cascaded t¢CL (for Qg only) should be made less than or equal 
to the sum of the fixed propagation delay at 50 pF and the transition time of the output 
driving stage for the estimated capacitive load. 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 
-15 -0 -5 0 


AMBIENT TEMPERATURE (Tale 25°C scesccccccescsscces. | 
eaecescess aA ss 
TEE GATE - TO- SOURCE VOLTAGE ( os be -SV 
ae s 


DRAIN- TO- SOURCE VOLTAGE (Vps)—V 


i a cL . 
ae 


ov —mA 
QeCSAaaaeagag 
seesececaes 


Hl 
GHEE TEA  aRaeee ‘, 


OUTPUT LOW (SINK) CURRENT (I 
eaaueeasi aaeas 
OUTPUT HIGH (SOURCE) CURRENT(I On)— mA 


OUTPUT HIGH (SOURCE) CURRENT(I OH)—mA 


92CS-24319R1 92¢5-24320A3 il 
Fig. 5 — Minimum output low (sink) current Fig. 6 — Typical output high (source) current Fig. 7 — Minimum output high (source) current 
characteristics. characteristics. characteristics. 
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LOAD CAPACITANCE (C_)— pF LOAD CAPACITANCE (C,)— pF LOAD CAPACITANCE (C, )— oF 
92CS-25633 92CS-25634 92CS$ -23635 
Fig. 8 — Clock-to-serial output Qg propagation Fig. 9 — Clock-to-serial output Q's propagation Fig. 10 — Clock-to-parallel output propagation 
delay vs C,. delay vs C,. delay vs C,. 
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CD4094B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 
ISTIC 


Quiescent Device 
Current, 
IDD Max. 


PROPAGATION DELAY TIME (tpi tpi y)—Ae 


0 2 40 © 6 Wo — 
LOAD CAPACITANCE (C, )— pF 


Output Low 
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Fig. 11 — Strobe-to-parallel output propagation 
delay vs C;. 
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Fig. 12 — Output enable-to-paralle/ output propa- 
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EQUIPMENT 
(REQUIRES CONTINUOUS 
DIGITAL CONTROL) 
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Fig. 13 — Typical transition time vs. load capacitance. 
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Fig. 14 — Remote control holding register. Fig. 15 — Typical maximum-clock-frequency vs. 


supply voltage. 
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DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ta=25°C; Input tr, tf = 20 ns, Cy = 50 pF, oe = 200 k2 


CHARACTERISTIC 


Propagation Delay Time, 
tPHL. tPLH 


300 
125 


95 
230 
110 

19 
420 
195 
135 
290 


Clock to Serial Output Oc 


Clock to Serial Output Qc 
Clock to Parallel Output 


Strobe to Parallel Output 


Output Enable to Parallel 
Output: 
'PHZ 'pZH 


'pLZ: tPZL 


Minimum Strobe Pulse 
Width, tw 


Minimum Clock Pulse 
Width, tw 


Minimum Data Setup 
Time, ts 


Transition Time; 
tTHL. tTLH 


Maximum Clock Input Rise 
or Fall Time, t-CL, teCL 


Maximum Clock Input 
Frequency, fcL 


Input Capacitance Cj) 
(Any Input) 


The photographs and dimensions of each CMOS chip 


represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


o- 
Dimensions in parentheses are in millimeters and are | - 
derived from the basic inch dimensions as indicated. 


Grid graduations are in mils (1 0-3 inch). 


CD4094B Types 


AMBIENT TEMPERATURE (T, )=25°C 
ALTERNATING O AND | PATTERN 
OUTPUT ENABLE HIGH 

STROBE HIGH EVERY 8 CLOCK PULSES 


Cy #158 pF=-—— 
ee! ees 


POWER DISSIPATION/ PACKAGE (Pp) — nW 
3 


INPUT CLOCK FREQUENCY (fey) kHz 


92CS-25639R1 


Fig. 16 — Dynamic power dissipation vs 
input clock frequency. 


Yoo 
INPUTS 


Vss 
92CS5-27401R) 


Fig. 17 — Quiescent device current 
test circuit. 


Yoo 
INPUTS OUTPUTS 
Vix 
o - 
Vie : 
NOTE 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-27441RI 
Fig. 18 — Input voltage test circuit. 


meurs [ | 
Yoo NOTE 
(r MEASURE INPUTS 
° = SEQUENTIALLY, 
Vss TO BOTH Yoo AND Vg5 
CONNECT ALL UNUSED 
L _ INPUTS TO EITHER 


Yoo OR Vss 


gers ¢7eGe 


Fig. 19 — 


Input current test circult. 


A a 


TT02 -0 254) 


il 


96-104___ 
(2.438-2.642) 92CM- 35098 


Dimensions and Pad Layout for CD4094B Chip. 
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CD4095B, CD4096B Types 


CMOS Gated J-K 


Master-Slave Flip-Flops 


With Set-Reset Capability 
High-Voltage Types (20-Volt Rating) 


CD4095B Non-Inverting J and K Inputs 


CD4096B Inverting and Non-Inverting J and K Inputs 


The RCA-CD4095B and CD4096B are J-K 
Master-Slave Flip-Flops featuring separate 
AND gating of multiple J and K inputs. The 
gated J-K inputs control transfer of informa- 
tion into the master section during clocked 
operation. Information on the J-K inputs is 
transferred to the Q and Q outputs on the 
positive edge of the clock pulse. SET and 
RESET inputs (active high) are provided for 
asynchronous operation. 


The CD4095B and CD4096B types are sup- 
plied in 14-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 14-lead 
dual-in-line plastic package (E suffix), 14- 
lead ceramic flat package (K suffix), andin 
chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ............ 
INPUT VOLTAGE RANGE, ALLINPUTS ............ 
DC INPUT CURRENT, ANY ONE INPUT ............ 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = -40 to +60°C (PACKAGE TYPE E) ........ 
For T, = +60 to +85°C (PACKAGE TYPE E) ........ 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............02-eeeeee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES 0. FAK, cis iciadcuecksawere tees oe 4 bode 4a CKGO ee eas dens baw eewer’s -55 to +125°C 

PACKAGE TYPE ©) a3sc.caacinc ccc avasietaseetenenee ks. deels teedue see raln we swe ghee aie -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) ssn aids eesive on wile in'tsy are a 1941 ar atar anaes derelinequare ce eres ware fae ache -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ....... 0. eee e ee eee eee +265°C 


vag * 2 
NC #1 
92CS ~ 24430R1 


Fig. 1 — CD4096B Functional Diagram. 


CC 


i bse oe ested RGSS GUO RAMOS De OR Rs as 500 mW 


ee ey 


Yoo = !4 
Vss = 7 
NC =1 
92CS- 24427RA1 
Features: 
® 16 MHz toggle rate (typ.) at Vpp — Vsg = 10 V 
® Gated inputs 
@ 100% tested for quiescent current at 20 V CD4095B 
a 


Maximum input current of 1 vA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 

Noise margin over full package-temperature 

range: 1 Vat Vpp= 5V,2V at Vpp= 

10 V, 2.5 Vat Vpp = 15 V 


Functional Diagram 


a 5-V, 10-V, and 15-V parametric ratings 


® Standardized, symmetrical output TRUTH TABLES 
characteristics — SYNCHRONOUS OPERATION (S=0 R=0) 
= Meets all requirements of JEDEC Tentative Inputs Before Outputs After 
pease No. Se pamela Positive Clock Positive Clock 
or Description o ries e ‘eavatiinne Trattinn 
Applications: 
® Registers ™ Counters 8 Control circuits 
1 
0 
Toggles 
Piielcateernaneiieueademanh eons tees -0.5 to +20 V : 
soatecea ul guaadedennavesisaun: -0.5 to Vpp +0.5 V For CD4095B For CD40968 
bSeceaneneacrascmaneebeuonsnbieeenenseds +10 mA J=J1°J2°J3 J=J1*J2° 8 
K=K1°K2°K3 K=K1°K2°K3 
sath eli eteuni do Sl ew iaeNae ware DOES Ae viphieas a6 500 mW 


ASYNCHRONOUS OPERATION 
(J and K - DON’T CARE) 


4 
E 
t 

ae") 

°o 


< 
€ 
! 
“~ 
o 
- 
- 
z 
Ww 
« 
« 
> 
oO 
x 
z 
a“ 
= 
te} 
a 
= 
> 
a 
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80000 0000800000 00008 00000 000800Rn 0008000 
OUTPUT LOW (SINK) CURRENT (I 


ORAIN- TO- SOURC 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V VOLTAGE (Vps)—V 


92C5 2431883 92CS$ -24319Ri 


Fig.3 — Minimum output low (sink) 
current characteristics. 


Fig.2 — Typical output low {sink) 
current characteristics. 
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CD4095B, CD4096B Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25 C. Except as Noted. DRAIN- TO-SOURCE VOLTAGE (Vps) —Vv 
For maximum reliability, nominal operating conditions should be selected so that AMBIENT TEMPERATURE (Ta ESCH TT ARTE of 
HY Ha TT afd 
GATE -TO-SOURCE VOLTAGE (Vgs)=-SV Bert tte] 6 


operation is always within the following ranges: 


Hitter tt 
mapesssecesseees 
ttt] 


<7 Sues SERS Sense ceussseue 
M + + 49 +4 ett 4 
+tHes et tt et + 
+ + +4 dee tet+d ter teest 
t t eS Le mont oT 
+4-+ ttt +4444 ++ tet tet 
++ + ++ t+ DS ee Se ee 
+ + H+ + bs 
=.e08 
i ++ ES Owe! 
+++ ++ + tt4 +4 
++ 
+ + + 


ee 
t 


CHARACTERISTIC 


Supply-Voltage Range (For T, = Full 
Package- Temperature Range) 


Data Setup Time, ts 


OUTPUT HIGH (SOURCE) CURRENT({ILOH!— mA 


= 


Fig.4 — Typical output high (source) 
current characteristics. 


Clock Pulse Width, ty 


DRAIN-TO-SOURCE VOLTAGE (Vps)—-V 


-15 -10 -5 ie) 
eeeneageea 


Clock Input Frequency, fo, 


Clock Rise and Fall Time, t,-CL, t¢CL: 


Set or Reset Pulse Width, tw 


Seescecs 


seeeeosees 
S8ESa 


UTPUT HIGH (SOURCE) CURRENT(LOH)— mA 


&: 


STATIC ELECTRICAL CHARACTERISTICS lites 
Fig.5 — Minimum output high (source) 
LIMITS AT INDICATED TEMPERATURES (°C) current characteristics. 


CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 


ISTIC 
(V) (V) | (V) 


Quiescent Device 
Current, 
iDD Max. 


B 
o 
a 
fos] 
ol 
a 
N 
ol 


N Sossceaceee es Sean 
a 


Output Low 
(Sink) Current 
lot Min. 


PROPAGATION DELAY TIME (?p_y.tpH_)— ns 


Output High 
(Source) 
Current, 

10H Min. 


LOAD CAPACITANCE (C\_)— pF pik amine 


| + ~) 


Fig.6 — Typical propagation delay time vs. 
load capacitance. 


Output Voltage: 
Low-Level, AMBIENT TEMPERATURE (Ta)*25°C 
VoL Max. 
Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


TRANSITION TIME (tri, PTL) —A8 


Input High 
Voltage, 
VIH Min. 


40 60 80 ~—«100 
LOAD CAPACITANCE (C,)— pF 
92CS- 24322 


Input Current 


lin, Max Fig.7 — Typical transition time vs. 


load capacitance. 
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CD4095B, CD4096B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25 C; Input t,, te = 20 ns, 
C, = 50 pF, Ry = 200 KQ 


CHARACTERISTIC 


TEST CONDITIONS puIMITS | UNITS 
TYP. 


iL 


200 


NO 
on 
oO 
oa 
) 


Propagation Delay Time: tpy,, tpLH 
Clock 


8/2 


Set or Reset 


Transition Time, tTHL, tTLH 


—s — et 
SSSlSaRSlAS 
—_> — 

Ss 


a —_ 


7 
Maximum Clock Input Frequency, (fo) * 


24 


Minimum Clock Pulse Width, ty 


aoe 
<9 
=o 
Now 
ton) 


arr 


Clock Input Rise or Fall Time, 


trol trcf 


NO WN 


_ 
a8 
= A) 
oc 
Oo Oo 


Minimum Set or Reset Pulse Width, ty 


NO 
Oo; nN 
oO; 01 
> 
oO; on 
oO; Oo 


Minimum Data Setup Time, ts 


Input Capacitance, Cij,y 
* 


Any Input 


_—> — _—> — 
aon; nanon 


“loon 
nloo 


FOR CD40958 U3 O——.. 


= | 7 
FOR CO4096B U3 


FOR C040958 K3(9)———~ 
te 


— * 
FOR CD4096B K Od > 


INPUT TO OUTPUT IS 


a) A BIDIRECTIONAL LOW IMPEDANCE "ALL INPUTS PROTECTED BY 

WHEN CONTROL INPUT | IS “LOW” STANDARD COS/MOS 

AND CONTROL INPUT 2 1S “HIGH™ PROTECTION NETWORK 

DIAN OPEN CIRCUIT WHEN CONTROL “ss 
INPUT | 1S “HIGH "AND CONTROL INPUT 

21s “Low" 92cm -24238R) 


Fig.11 — CD4095B and CD4096B logic diagram. 
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AMBIENT TEMPERATURE (Ta)= 25°C bE 


~ 

x 

2 

| 25 

2 iM 

i i ie 

rd HEE }4 

+ 

au af } +e4e4 1] 
me 

: he i 14 H 11 

oO tS 

° {} 

= 

oO 


++ 
tot 14 tt 
he 1] 
Ne 
+4 
the 
ae ae + aan 


5 
SUPPLY gouTAce ey 


92CS - 26392R1 


Fig.8 — Typical clock frequency vs. supply 
voltage (toggle mode—see Fig. 16). 


: MAXIMUM PACKAGE DISSIPATION» age 


z= 

a 4h + 

| 

= 4 

ee siasaeesi 

: ae + 

Sal atte mal =e 

a 

GS 102 4 <o KAS cette aot = wai 

‘4 Z : LOAD Ho oa 50 pF 
: ——— CL=I5 pF 

g ate 


2 ib 
oz * * F193 
wher CLOCK FREQUENCY (fc. ) — Maa 
92CS-26393 


Fig. 9 — Typical power dissipation vs. 
input clock frequency. 


OUTPUT 


927CS 26594 


Fig.10 — Propagation delay, transition, and 
setup-time waveforms. 


92CS- 26395 


Fig. 12 — Clock pulse rise and fall time 
waveforms. 


92CS- 2740IRI 


Fig.13 — Quiescent device current test 
circuit. 


Yoo 
INPUTS OUTPUTS 
Vin > 
ci : 
°o a 
Lave ne 
NOTE 
— TEST ANY COMBINATION 
OF INPUTS 


92CS-27441R! 


Fig.14 — Input voltage test circuit. 


Fig.17 — CD4096B connected as a “’D” 
type flip-flop. 


CD4095B, CD4096B Types 


INPUTS 


NOTE 


MEASURE INPUTS 
SEQUENTIALLY, 

Vss TO BOTH Vop AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo O Yss 


9205 27402 


Fig.15 — Input leakage current test 
circuit. 


CLOCK 
INPUT 


4ECS  2440RI 


Fig. 16 — CD4095B connected in toggle 
mode. 


state of 1 | 2|3]4]15]e]7]ef9]o| 


CLOCK 


Qa 


—@ 
eee CC*~<“t*‘“‘*‘s ee 
Te) f | 


STATE Qa Og Qc AD 
0 0 0 0 0 
1 1 0 0 0 
2 0 1 0 0 
3 1 1 0 0 
: : : : NOTE PINS 2& 13 RESET & 
oe oe SET. GO TO Vsg ON 
- = ao ALL UNITS 
8 0 0 0 1 
9 1 001 


92CM~- 24247R: 


Fig. 18 — Synchronous binary divide-by-ten counter, 


DIMENSIONS AND PAD LAYOUT FOR CD4095B AND CD4096B 


o-—- — 
4-10 | 
(0102-0254) 
_t-79 


(1803— 2.007)  gacg-s2212 


CD4095BH 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


10) 10 20 30 40 50 60 70 
- a ia ee | 


62-70 
(1.575 — 1.778) 


oO 
_,| L 4-10 
(0.102 —0.254) 
71-79 


~~ (1803-2.007) 


92CS-32213 


CD4096BH 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10—% inch). 


TERMINAL ASSIGNMENTS 


TOP VIEW 
NC=NO CONNECTION 9205 24425 


CD4095B 


TOP VIEW 
NC = NO CONNECTION 9205 24429 


CD4096B 
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CD4098B Types 


CMOS Dual Monostable 


Multivibrator 
High-Voltage Types (20-Volt Rating) 


Features: 
= Retriggerable/resettable capability 
® Trigger and reset propagation delays 
independent of Rx, Cx 
Triggering from leading or trailing edge 
Q and Q buffered outputs available 
Separate resets 
Wide range of output-pulse widths 
100% tested for maximum quiescent 
current at 20 V 
® Maximum input current of 1 uA at 
18 V over full package- temperature 
range; 100 nA at 18 V and 25°C 
® Noise margin (full package-temperature CD4098B 
1V at Vpp= 5 V Functional Diagram 


The RCA-CD4098B dual monostable multi- 
vibrator provides stable retriggerable/reset- 
table one-shot operation for any fixed-volt- 
age timing application. 


An external resistor (Rx) and an external 
capacitor (Cx) control the timing for the 
circuit. Adjustment of Rx and Cx provides 
a wide range of output pulse widths from the 
Q and Q terminals. The time delay from 
trigger input to output transition (trigger 
propagation delay) and the time delay from range): 
reset input to output transition (reset pro- 2 V at Vpp=10 V 


tion del ind dent of R d 2.5 V at Vpp=15 V 
Cx ERE) cle MEARTCER NONI = 5-V, 10-V, and 15-V parametric ratings 


; ® Standardized, symmetrical output 
Leading-edge-triggering (+TR) and trailing- characteristics 


edge-triggering (—TR) inputs are provided = Meets all requirements of JEDEC 
for triggering from either edge of an input Tentative Standard No. 13A, ‘‘Stand- 


92CS- 24253 


e 

< 
° 
° 


RESET (2) 
+TR (2) 


2 
3 
4 
5 
6 
7 
8 


pulse. An unused +TR input should be tied ard Specifications for Description of ‘B’ -TR(2) 
—TRi A i ap a2 
to Vss. An unused —TR input should be tied Series CMOS Devices. mt 


to Vpp. A RESET (on low level) is provided 
for immediate termination of the output 
pulse or to prevent output pulses when power 
is turned on. An unused RESET input should 
be tied to Vpp. However, if an entire section 
of the CD4098B is not used, its RESET 
should be tied to Vss. See Table |. 


Applications: TOP VIEW 
@ Pulse delay and timing 
® Pulse shaping 

® Astable multivibrator 


TERMINALS 1,8,15 ARE 
ELECTRICALLY CONNECTED 
INTERNALLY 

92CS-24646RI 


TERMINAL ASSIGNMENT 


In normal operation the circuit triggers (ex- 
tends the output pulse one period) on the 
application of each new trigger pulse. For 
operation in the non-retriggerable mode, Q is 
connected to —TR when leading-edge trig- 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) 0.5 to +20 V 
: ‘ : INPUT VOLTAGE RANGE, ALL INPUTS . oo eee 0.5 to Vpp +t0.5V 
gering (+TR) is used or Q is connected to +TR DC INPUT CURRENT, ANY ONE INPUT — | HO mA 
when trailing-edge triggering (—TR) is used. POWER DISSIPATION PER PACKAGE (Pp). 


The time period (T) for this multivibrator can For Ta = -40 to +60°C (PACKAGE TYPEE) ©. 2. 500 mw 

be approximated by: Tx=“RxCKx for Cx > For Ta = +60 to +85°C (PACKAGE TYPE E) A og De rate Linearty at 112 mw/°C to 200 mW 

0.01 pF. Time periods as a function of Rx For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) es 6: 500 mw 

for values of Cx and Vpo are given in Fig. 8. For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Dera ate Laneary at 12 mW/ C to 200 mw 
sien ; DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

Values of T vary from unit to unit and as a FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 5... 100 mw 

function of voltage, temperature, and RxCx. OPERATING. TEMPERATURE RANGE Tal 


The minimum value of external resistance, PACKAGE V5PES 0), i 55 to +125°C 
. PACKAGE TYPE E 40 to +85°C 

Rx. ~ 5 ki. The mounts value of external STORAGE TEMPERATURE RANGE (Tstq) 65 to +150°C 

capacitance, Cx, is 100 uF. Fig. 9 shows time LEAD TEMPERATURE (DURING SOLDERING) 

periods as a function of Cx for values of RX At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) fromn case for 10s max. 2... +265°C 


and Vpp. 


The output pulse width has variations of 
+2.5% typically, over the temperature range 
of —55°C to 125°C for Cx=1000 pF and 
Rx=100 kQ2. 


For power supply variations of +5%, the out- 
put pulse width has variations of +0.5% 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


typically, for Vpp=10 V and 15 V and +1% 
typically, for Vpp=5 V at Cx=1000 pF and 
Rx=5 kQ 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


The CD4098B is similar to type MC14528. 


CHARACTERISTIC eee UNITS 
Supply-Voltage Range (For Ta = 
Full Package- Temperature 
Range) 


a 
Trigger Pulse Width tyw(TR) ic 
15 
See 
Dynamic Char. 
Chart and 


Reset Pulse Width tyw(R) 
(This is a function of Cy) 


Trigger Rise or Fall Time 
tp(TR), te(TR) 
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yw —(HOT)IN3YuND (3DYNOS) HOIH_ 1NdLNO yw—(HOT)LN3YYND (3DYNOS) HOIH_ 1NdANO 


92C5 24318R3 


SESRCEREESHEZEERE 
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92CS -24319R1 


Fig. 2 — Minimum output low (sink) 


92CS- 24320R3 


Fig. 3 — Typical output high (source) 
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CD4098B Types 


current characteristics. 

DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
current characteristics. 
DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
current characteristics. 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 
Fig. 1 — Typical output low (sink) 


AMBIENT TEMPERATURE (Ta)=25 °C - 
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92CS-24321R2 


Fig. 5 — Minimum output high (source) 
current characteristics. 


CD4098B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, 


CHARAC- 
Values at 


TERISTIC CONDITIONS 


am... 
2g 
i 


-_ 


S So 18 = > 
on on oO — 


Quiescent 
Device 
Current 
| DD Max. 


Output Low 
(Sink) 
Current, 
| OL Min. 

Output High 
(Source) 
Current, 
1OH Min. 

Output Volt- 
age: 
Low-Level, 
Voi Max. 


Output Volt- 
age: 
High-Level, 
VOH Min. 

Input Low 


Voltage, 
Vip Max. 


Input High 
Voltage, 
Vin Min. 

Input 
Current, 
lin Max. 
Output 
Leakage 
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PULSE WIOTH (PW)—ys 
92CS- 28736 


Fig. 8 — Typical external resistance vs. 
pulse width. 
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Fig. 6 — Typical propagation delay time vs. 
load capacitance, trigger into Q 
out. (All values of Cy and Ry.) 
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Fig. 7 — Transition time vs. load capacitance 
for Ry = 5 k8t-10000 kt and 
Cy = 15 pF-10000 pF. 
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Fig. 10 — Typical minimum reset pulse width 
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Fig. 9 — Typical external capacitance vs. 
pulse width. 


CD4098B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS TEST CIRCUITS 
AtTya=25 C; Input t,,tg=20 ns, C,=50 pF, R,=200kQ 


CHARACTERISTIC TEST CONDITIONS LIMITS er 
Re WO [x F1 [Vpp | Tye. | Men 


7 250 | 500 
‘ip fon >15 125 | 250 ns 
' 100 | 200 
en 70 | 140 
> 
10,000 bi a ye 


15 to 
10,000 


Trigger Propagation Delay Time 
+TR, —TR to Q,Q 


tPHL: TPLH 
Minimum Trigger Pulse Width, 


tWH tWL 
Transition Time, 
tTLH 


Vss VES PTAC 


Fig. 12 — Quiescent-device-current 
test circuits. 


5 to Yoo 
10,000 
INPUTS OuTPUTS 
Vin 
5 to oy + 
10,000 vo 
Reset Propagation Delay Time, 
: Vss 
TPHL: TPLH eal ANY COMBINATION sisi ial 
OF INPUTS 


Fig. 713 — Input-voltage test circuit. 


Minimum Reset Pulse Width, 
twR 


Yoo 
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NOT 
00 OTE 


Vv 
MEASURE INPUTS 
wa) > SEQUENTIALLY, 
Vss TO BOTH Voo AND Vgs 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OF Vgs 


Pulse Width Match 
Between Circuits in 


5 5 10 
10 10,000 10 7.5 15 % 
Same Package 15 ie) 15 


Input Capacitance, Cjpy Any Input | 5 | 75 | pe | 


92C5 27402 Vss 


Fig. 14 — Input leakage current test circuit. 
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Ry*5KO TO IMD 
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To calculate average power dissipation (P) T 
tor bess than 100% duty cycle: i T a 

P100 = sverage power for 100% duty cycle 

Tr 
P c= 100 where rm = one-shot pulse width | | 
TT ° trigger pulse period 
0.9. For tm = 600 us, ry = 1000 us, Cy = 0.01 LE, 
Voo "5 V 


p= (3103 LW = 600 LW (s90 dotted [— — 
line on graph) 
bem | 


ONE -SHOT PULSE WIOTH ( +.) —ps 92Cm- 20739 
Fig. 11 — Average power dissipation vs. one-shot pulse width. 
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APPLICATIONS 


OUTPUT 


INPUT PULSE TY SR) Cy 
2 
OUTPUT PULSE * 2 Ta Ryo Cx2 
cae 
Cy 20.01 uF 


92CS-24256R2 


Fig. 15 — Pulse delay. 


lop. Tx vs. Rx 


Tx 
loo ‘Ava-) | (ty + 12) | YOO 
1mA 3.8 us 
b | 4 | sy 
0.05 mA 05s 
2.5 mA 3.2 us 
J J 10V 
0.5 mA 05s 
{ 15V 


RESET* 


> T2 ke Tl 1 T2 be 


to ENSURE RESTART,APPLY RESET 


5mA 3 us 
1mA 05s 
= Note: 
(NEGATIVE PULSE) AFTER Vop Q2 Tx 


All values are typical. 
SUPPLY VOLTAGE HAS REACHED 
ITS Vopp LEVEL. ae h h \ h = Cx range: 0.0001 pF to 0.1 uF. 92CM- 28740 


Fig. 16 — Astable multivibrator with restart after reset capability. 


0 
(0:102-0.254)94 -i92 
(2:388-2.591) 


92CS-35096 


Dimensions and Pad Layout for CD4098BH 


The photographs and dimensions of each CMOS chip 
Dimensions in parentheses are in millimeters and represent a chip when it is part of the wafer. When the 


; Sa ate : : fer is separated into individual chips, the angle of 
are derived from th oe ‘ 
” ° the basic inch dimensions as cleavage may vary with respect to the chip face for 


indicated. Grid graduations are in mils (10—3 inch). different chips. The actual! dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4099B Types 


CMOS 
8-Bit Addressable Latch 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4099B 8-bit addressable latch 
is a serial-input, parallel-output storage regis- 
ter that can perform a variety of functions. 


Data are inputted to a particular bit in the 
latch when that bit is addressed (by means 
of inputs AO, A1, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
however, all 8 outputs can be continuously 
read independent of WRITE DISABLE and 
address inputs. 


A master RESET input is available, which 
resets all bits to alogic “O” level when RESET 
and WRITE DISABLE are at a high level. 
When RESET is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as 
a 1-of-8 demultiplexer; the bit that is ad- 
dressed has an active output which follows 
the data input, while all unaddressed bits 
are held to a logic “O” level. 

The CD4099B types are supplied in 16-lead 
hermetic ceramic dual-in-line packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Al 
al 
3* 
AO AO 
Al 
BO 
en" 
Al 


DATA O->-—_ > o 
Al 

WRITE O > | > Al 
DISABLE wo 


* 


2 
RESET 
ESE O—f>o—e-* " 


oe oe ADORESS 
8 wo 
Yoo "!6 
Yoo DATA 
%* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 
vss 


B(A S/S SLSR S Sl AS zl Sl 


>|> 
nn 1|o 


WRITE DISABLE —— 


8 
Features: Fi 
® Serial datainput & Active parallel output : 
m™ Storage register capability = Master clear : 
® Can function as demultiplexer . 
® Standardized, symmetrical output characteristics 
= 100% tested for quiescent current at 20 V 
® Maximum input current of 1 uA at 18 V 


(full package-temperature range), 100 nA 
at 18 V and 25°C 


Functional Diagram 


® Noise margin (full package-temperature 
range) = 1 Vat Vpp =5 V,2 Vat Vpp 
= 10 V, 2.5 Vat Vpp =15 V 

# 5-V, 10-V, and 15-V parametric ratings 

@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 
8 Multi-line decoders 
® A/D converters 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY. VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . —0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E)_ _— Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPESD,F,K)..........00 0000 eeu 500 mw 


For Ta = +100 to +125°C (PACKAGE TYPES D,F,K).... . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGE TIPEER 4.058444 @ SEE ERR REESE ERE LEAS RS EG 
STORAGE TEMPERATURE RANGE (T stg) 
LEAD TEMPERATURE (DURING SOLDERING): 


100 mW 


-55 to +125°C 
-40 to +85°C 
—65 to +150°C 


a L,Y i, ie ce a co a, nS Set Soe 1 | 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. +265°C 
ie orem. 
D LATCH 
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ane 
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Fig. 2 — Typical output low (sink) 
current characteristics. 


92CM-2767R1 


Fig. 1 — Logic diagram of CD4099B and detail of 1 of 8 latches. 
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CD4099B Types 


RECOMMENDED OPERATING CONDITIONS at 7, = 25° C (Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 


Supply Voltage Range: 
(At T a = Full Package 


Temperature Range) 


LIMITS UNITS 


V 


2g 
~] 
— Oo 


20 


Oo 


Minimum Pulse Width, tw 
Data 


Address 
2 


~ 
oa 


Setup Time, ts 
Data to WRITE DISABLE 


Ww 
on 


~“ 


Hoid Time, ty 
Data to WRITE DISABLE 


_ 
oa 


ololelolol fs 


* Circled numbers refer to times indicated on master timing diagram. 


Note: In addition to the above characteristics, a WRITE DISABLE ON time (the time that WRITE 
DISABLE is at a high level) must be observed during an address change for the total time that the 
external address lines AO, A1, and A2 are settling to a stable level, to prevent a wrong cell from 
being addressed (see Fig. 3). 


ODODE 
C04047 
c R 
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Osc 

AST OUT 
R-C 
©) 


(ty <ta) 
*; 


{ HYCOMP HC2I0SLD-2R 
OR EQUIVALENT 


ANALOG 
IN 


Fig. 5 — A/D converter 92CL-27681 


MODE SELECTION 


ADDRESSED | UNADDRESSED 
LATCH LATCH 


Follows Data | Holds Previous 
WD = WRITE DISABLE R = RESET 


State 
Follows Data | Reset to “0” 
(Active High 8-Channel Demulti- 
plexer) 
Holds Previous State 
Reset to “0” | Reset to “0” 


HY 
HEH 
merece 


ov —mA 


128 
ae -GATE-~TO-SOURCE VOLTAGE (Vgs)=!5 v +4444 


zeit 


OUTPUT LOW (SINK) CURRENT (I 


8. 
AT 
BELLE) 


10 
DRAIN- TO-SOURCE VOLTAGE (Vps)—Vv 
92CS -24319R) 
Fig. 4 — Minimum output low (sink) 
current characteristics. 


DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
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Seas eeanann 
OUTPUT HIGH (SOURCE) CURRENT(ILOH)—mA 


92CS-24320R3 


Fig. 6 — Typical output high (source) 
current characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS — 


LIMITS AT INDICATED TEMPERATURES (°C) 


CONDITIONS 
CHARACTER- 


ISTIC 


Quiescent Device 
Current, 
lIppD Max. 


Output Low 
(Sink) Current 
lou Min. 


Output High 
(Source) 
Current, 


10H Min. 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
VIH Min. 


Input Current 
lin Max. 


|, _4-10 


(0.102-0.254) 94-102 
(2.388- 2.591) 


92CM- 35095 


CD4099BH 


= < 
on oO 8 <Oo 
~o 

| fe N 


DIMENSIONS AND PAD LAYOUT 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 


indicated. Grid graduations are in mils ( 10-3 


inch). 


Value? at —55, +25, +125 Apply to D,F,K,H Packages 
Values at —40, +25, +85 Apply to E Package 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4099B Types 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


-15 =f 


92CS-2432182 


Fig.7 — Minimum output high (source) 
current characteristics. 


BIENT TEMPERATURE (Ta)= 25°C 111 


> 


92CS- 27679 


Fig. 8 — Typical propagation delay time 
(data to Qn) vs. load capacitance. 


TRANSITION TIME (trHL.t TLH) 18 


40 60 60 
LOAD CAPACITANCE (C, )— pF 
92CS-24322 


Fig. 9 — Typical transition time vs. load 
Capacitance. 
3 AMBIENT TEMPERATURE (Tg )* 25°C 


>| ————LOAD CAPACITANCE (C,)#15 pF 
C_*50 pF 


92Cs-27680 


Fig.10 — Typical dynamic power dissipation vs. 
address cycle time. 
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CD4099B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7, = 25° C, C, = 50 pF, 


Input t,, t¢= 20ns, Ry = 200 KQ 
one ALL PACKAGE TYPES 


ONS 
Vop 


CHARACTERISTIC UNITS 
YP. 


200 


A 


[eg 
-| 
mo) 
= 


INPUTS 
NOTE: 


Yoo 
One MEASURE INPUTS 
° SEQUENTIALLY, 
Vss 


j=) 
j=) 


Minimum Pulse 


5 100 2 


on 
j=) 


Png 
Propagation Delay: tpi y, | 400 | 
tTPHL 10 75 150 
Data to Output, 15 | 80 100 ne Vss 
Fig. 11 — Quiescent device current 
DO 
Vix 
Reset Output, | GG) [a0] 80 | 160 a . 
; ° 
Address to Output, 5 450 NOTE: 
run | @) | too | 200 vss phaugmemari 
tPHL 1 150 92CS-27441RI 
Transition Time, ery 200 Fig. 12 — Input voltage test circuit. 
(Any Output) tre | 50 | ns yr 
Width, tw 50 100 ns TO BOTH Vpp AND Ves: 
Data 80 an 
a 200 | soo ic 
Vss 92CS-27802 
PGES 10 10 200 OF Fig. 13 — Input current test circuit. 
19 125 
AO p01 
A3 00 4 
Data to WRITE DISABLE 35 
00 9 
Ti. @ [wo [wo [7s] » “a 
Doll 
D013 
D015 
*Circled numbers refer to times indicated on master timing diagram. DOI6 


92CS-27675 


ry rr” Fig. 14 — 1 of 16 decoder/demultiplexer. 
AO .Al,A2 


1/4 CD4016 IN/OUT 
ie} 


WRITE DISABLE 


DATA 'w asisest 
© @ 
RESET \ t iy R| 
© 
Q0 > ‘p 
@ 
Q7 - 6 'p \ > [. 'p t p> re 
(5) ' -27677 
©) Q) ©) 92cs-2 
; Fig. 16 — Multiple selection decoding — 4 x 4 
Fig. 15 — Master timing diagram. crosspoint switch. 
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CMOS Strobed Hex Features: 
# 2 TTL-load output drive capabili 
Inverter/Buffer 2 ae sasehg m° a 


High-Voltage Types (20-Volt Rating) = Common output-disable control 
® Inhibit control 


i % j 
The RCA-CD4502B consists of six inverter/ PON RSENS TaN GeO Oe CURE N at 20 


buffers with 3-state outputs. A logic “1’’ on #5-V, 10-V, and 15-V parametric ratings 

the OUTPUT DISABLE input produces a = Maximum input current of 1 uA at 18 V over 
high-impedance state in all SIX outputs. This full package-temperature range; 100 nA at 
feature permits common busing of the out- 18 V and 25°C 


ious te aay mag aT eaNe cege le @ Meets all requirements of JEDEC Tentative 
‘eee ae Standard No. 13A, “Standard Specifications 
all six outputs to logic 0" if the OUTPUT for Description of ‘B’ Series CMOS Devices” 


DISABLE input is a logic ‘0’. This device ; : 
is capable of driving two standard TTL loads, = Noise margin (full package-temperature 


which is equivalent to six times the JEDEC range) = 

“B"-series IOL standard. 1VatVpp=5V 

The CD4502B types are supplied in 16-lead 2V at Vpp = 10 V 
hermetic dual-in-line ceramic packages (D 2.5 V at Vpp = 15 V 

and F suffixes), 16-lead dual-in-line plastic aed 

package (E suffix), 16-lead ceramic flat Applications: 

package (K suffix), and in chip form (H @ 3-state hex inverter for interfacing IC’s 
suffix). This device is similar to the MC14502. with data buses 


= COS/MOS to TTL hex buffer 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referencedto Vgg Terminal) 2. 2. 2. 1. 1. 1. we en —0.5 to +20 V 
INPUT VOLTAGE RANGE,ALLINPUTS. . ..... . . . . .. . -=0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONEINPUT .. . . . . . . . HO A 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) . . . . . . 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPEE) .. . . . Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPESD,F,K) | | 500 mw 

For Ta = +100 to +125°C (PACKAGE TYPESD,F,K) . . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . . 100mW 
OPERATING-TEMPERATURE RANGE a 

PACKAGE TYPES D,F,K,H . . eae AM Se ee ee eS —55 to +125°C 

PACKAGE TYPEE . . Se 6am we ee ee we es —40 to +85°C 
STORAGE TEMPERATURE RANGE ee yo 65 to #150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 +0.79 mm) fromcase for10smax. . . . . . . . +265°C 


TRUTH TABLE 


, DISABLE | INHIBIT 
yy 
| — 
3-STATE 
Q! 
seers t+ | o 
iwHIBIT O————-—— 4 | Lo. | x 
a 
| Vs | Logic 0 = Low 
— A Yoo \ Vv fis ae teas tects Has ar sae aes Sm ee He ma | Z = High Impedance 
A TO 5S OTHER X = Don’t Care 


INVERTER/ BUFFERS A ‘ 
Logic 1 = High 
* ALL INPUTS ARE PROTECTED 


*Yss BY COS/MOS PROTECTION 92CM-29145 


NE T WORK 


Fig.1 — Logic diagram of 1 of 6 identical inverter/buffers. 
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TERMINAL ASSIGNMENT 
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CD4502B Types 


THREE-STATE 
OuTPUT _4 
DISABLE 12 


INHIBIT 


ie} 


02 


92CS 2292IR1 


FUNCTIONAL DIAGRAM 


H GATE- T0- - SOURCE E VOLTAGE (vgs) ISV+4 
e 


1/6 OUTPUT LOW (SINK) CURRENT (Ig,)—mA 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 92c8-29181 


Fig.2 — Typical output low (sink) 
current characteristics. 


AMBIENT TEMPERATURE (Ta)=25 °C H 


DRAIN-TO- SOURCE VOLTAGE (Vps)—V 
92CS- 29152 


Fig.3 — Minimum output low (sink) 
current characteristics. 


DRAIN- TO- SOURCE VOLTAGE (Vps)—V 


15 10 
PVeTebelartreriverlicveaehe cccceeeanaeusemanese. 
essesess SGRPSRRBHRA A 
sacesass GATE -TO-SOURCE VOLTAGE (Vgs)=-5V PP 


92CS- 24320R3 


Fig.4 — Typical output high (source) 
current characteristics. 


OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 
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CD4502B Types 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER. Values at —40, +25, +85 Apply to E Package 


ISTIC 
-85 | -40 | +05 [+125 [ min. [ typ. [ Max. 

Quiescent Deviee|_- [os] 5 | 1 [ 1 | 30 | 30 | - | oo2] s | 
Curent, == [= forof io 2 [2 [60 [60 | = | oo [2 | 
poms [= pars is [a [ae [120 [20 | = [002 [a | * 
aerial aetna 

Output Low [sea | see 252[ 216 [306 6 [| 
Sin) arent [35a res [e | 66] 54] ve [ise] — 
lou Min [as fois [is [252 [ 24 [168 [a4 [204 | aoe [ 
OutputHigh | 46 | 05 | 5 | -0.64] -0.61| -0.42 | -0.36[-0.61| -1 | — 
(Source) = [25 [os [5 | -2 [-18 [-13 [-ris[-re6 [32 | 
Vonmin, [25 [o1o[ 10 [-16 [-15 [11 [-09 [-13 | -26 [| 
one [iss Tors | 18 [=a2 | =a [=28 [=a [-aa [68 [| 


Output Voltage: 
Low-Level, 
VoL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
Vit Min. 


Input Current 
lin, Max. 


3-State Output 
Leakage Current 


\OouUT Max. 


AMBIENT TEMPERATURE (Tg )* 25°C TtTTH 


AMBIENT TEMPERATURE ae ye2sec ne He 


ur Pl’ 


Litt ae 
C) 20 40 60 80 
LOAD CAPACITANCE (C.) — pF LOAD CAPACITANCE (C,)— pF 
92Cs-29148 92CS-29149 
Fig.8 — Typical transition time as a function Fig.9 — Typical propagation-delay time as a 
of load capacitance. function of load capacitance. 


ye 5 ~~ : yen:: 
\NOO Cee PP 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


OUTPUT HIGH (SOURCE) CURRENT(LOQH)—mA 


92CS-24321R2 


Fig.5 — Minimum output high (source) 
current characteristics. 


AMBIENT TEMPERATURE (Tq)= 25ec HUTT TH 

Saaseacenscsseesenessacssecs sees 
HQTHSSTASCHVASRSTAS SOB 

Sasceccscocsauccanaccuaeceees 


SUPPLY VOLTAGE (Vop) #15 V 


mA 


OUTPUT VOLTAGE (Vo) — V 


INPUT VOLTAGE (Vy) — V 
92CS- 26904 


Fig.6 — Typical voltage transfer 
characteristics. 


% i g/AMBIENT TEMPERATURE (T, )# 25°C Zag 


INPUT FREQUENCY (fy )—mHz 
9208-29146 


Fig.7 — Typical power dissipation as a 
function of input frequency. 


| 
2 
3 
q 
5 
6 
7 
8 


92CS- 29147 


Fig. 10 — Power-dissipation test circuit. 


296 


CD4502B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input ty, t¢ = 20 ns, 
Cc = 50 pF, Ry = 200 K{2_ Unless otherwise specified. 


CHARACTERISTIC 


Data or Inhibit Delay Times: 
High to Low, tpyy, 


9eCS-2740iRI 


Low to High, tp; y 


Fig. 11 — Quiescent-device-current 
test circuit. 


—_ —__D> —_—_ ——_—> —_ —o_d — db —_ = —_ —«—<«\2 —_ od 
NOVMan oVMlno GMlanoVTaoso a ik ie 


Disable Delay Times: RL=1 KO. 
Output High to High 


Impedance, tpHZ 30 60 iy 
1 10 220 ; INPUTS OUTPUTS 

High-Impedance to Output 50 100 x ‘ e 
High, tpZ7H 40 80 Vik . 

? See Fig. 14 = — ns = 
Output Low to High 65 130 were: 
Impedance, tpLZ oe ar, Vss TEST ANY COMBINATION 

92CS-2744)R) 

High Impedance to Output me a Fig. 12 — Input-voltage test circuit. 
EOve IPZL 40 80 


Vv 
Transition Times: 100 200 aa 
Low to High, tri y 50 100 INPUTS 
Vv NOTE 
#0 80 On MEASURE INPUTS 
60 120 ° SEQUENTIALLY, 
Vss TO BOTH Vop AND Vss: 
High to Low, tty 7 CONNECT ALL UNUSED 
Vop OR Vsg: 
Vss 


9205-27402 


Input Capacitance, Ci, Any Input 
Yoo 


Fig. 13 — Input leakage current test circuit. 


PULSE 
GENERATOR 


0% —_Veg 
[tezH | Vss | Vss_| ' re 
mma a PZ secm-24099R2 40 
Fig. 14 — Disable delay times test circuit and waveforms. 30 
20 
Dimensions in parentheses are in millimeters and 1O- = = 
are derived from the basic inch dimensions as Ua 6 BT 
indicated. Grid graduations are in mils (10— inch.) o- 


la 4-10 
The photographs and dimensions of each CMOS chip (0.102-0.254) 87-95 
represent a chip when it is part of the wafer. When the (2.210- 2.413) 


wafer is separated into individual chips, the angle of a 
cleavage may vary with respect to the chip face for nee Mapes 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal . . 
dimensions shown. The user should consider a tolerance Dimensions and Pad Layout for CD4502BH 
of —3 mils to +16 mils applicable to the nominal 

dimensions shown. 
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CD4503B Types 
CMOS Hex Buffer 


High-Voltage Types (20-Volt Rating) 
3-State Non-Inverting Type 


The RCA-CD4503B is a hex noninverting 
buffer with 3-state outputs having high sink- 
and source-current capability. Two disable 
controls are provided, one of whichcontrols 
four buffers and the other controls the 
remaining two buffers. The CD4503B types 
are supplied in 16-lead hermetic dual-in- 
line ceramic packages (D and F suffixes), 
16-lead dual-in-line plastic packages (E suf- 
fix), 16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


J 
2 (4,6,10, 12, 14) re 


Features: 


Applications: 


1 TTL-load output drive capability 
2 output-disable controls 
3-state outputs 
Pin compatible with industry types MM80C97, 
MC14503, and 340097 
5-V, 10-V, and 15-V parametric ratings 
Maximum input current of 1A at 18 V over full 
package-temperature range; 100 nA at 18 V and 25 C 
Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices” 


Ol SABLE 


I16*Vpp 8*Vss 92C$-32392R! 


FUNCTIONAL DIAGRAM 


@ 3-state hex buffer for interfacing IC’s 


with data buses 


= CMOS to TTL hex buffer 


ease 
AMBIENT TEMPERATURE (T,) = 25°C nace 


TRUTH TABLE 


OUTPUT LOW (SINK) CURRENT (Ig))—mA 


oisace)| on | 
N 
i“ 4 3(5,7,9, 11,13) 
DIS A (B) or. 
) " 
1015) | | X = DON'T CARE 
DISABLE TO OTHER Vss 
BUFFERS 


Voo 


Vss 


Fig. 1—Logic diagram of 1 to 6 identical buffers. 


MAXIMUM RATINGS, Abso/lute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(voltages felerenced 10 VSS Terminal) «25 cn556 oc einecs cevntdcoedesiosbsensaes 
INPUT VOLTAGE RANGE, ALLINPUTS 2.02 22. cccmivie Seu eeuwans woke teow du 
OG INPUT CURRENT, ANY ONEINPUT c.c.6¢. ccd a0ciachaseduseusd ive dhe dee baad b045 +10mA 


POWER DISSIPATION PER PACKAGE (Pp): 
ForTa = 


For Ta = +60to + 85°C (PACKAGE TYPE E) 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
= +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TERMPERATURE RANGE (All Package Types) 


For Ta 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tstg) 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79mm) from case for 10S max.................... 


* ALL INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


=—4010 +60'C (PACKAGE TYPES) ccc cessiaceek sees s pe eoes hhSs wee eee e445 500 mW 


eee er ean eee aa eee eS an Ya Se 


CMC et ae Me ae er oe er} 


Cee KR SSHRC HHR SASSER ROOK ESET CKO MKC HK KCK MOSSES HE HHT ETO He 


068 Fi OOO OSD OO Se: TSS Cee Fw SOS 6 6 BECK SEC OG 8 ES CF ES ae Bee Oe Oe OO Oe w @ © 


Fig. 2—Typical n-channel output low (sink) 
current characteristics. 


92CM- 32393 


OUTPUT LOW (SINK) CURRENT (Io,)—mA 


2 3 4 5 6 7 
DRAIN -TO- SOURCE VOLTAGE (Vp5)-V¥ 
92CS-32735 
Fig. 3—Minimum n-channel output low (sink) 
current characteristics. 
—0.5to+20V 
—0.5toVpp +0.5V 


500 mW 


| 

2 
3 
4 
5 
6 
rg 
8 


TOP VIEW 


-55 to +125°C 92C$-3239! 


-40 to +85°C 


TERMINAL ASSIGNMENT 
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CD4503B Types 


Vv 


ps)~ 


DRAIN-TO- SOURCE VOLTAGE (V 


STATIC ELECTRICAL CHARACTERISTICS 


8 


SS006 C8808 C8888 280808 688080888) 888 ease A f ea 1seessgene 


vw—(HOT) LNZSEND | (29y8NOS) i 1Ndino 


en sae 
sussseani(c) 
SSRGR EEN 


92CS-32738 


Fig. 6—Typical propagation delay time as a 


92CS-32739 


Fig. 7—Typical transition time as a function 


92CS-32737 


Fig. 5—Minimum p-channel output high (source) 


B2SGS 05 FSRR 
SS8eean8 188 
BESGRTECA OS 


92CS-32736 


Fig. 4—Typical p-channel output high (source) 
60 


ul 


so5 


SEEieEee EERE te 


PHaRseae Ms 
tN A tH 
SEER EREREBBe 


SSaneenes 
ess 
ie 
LOAD CAPACITANCE (C, )—pF 


CORRES EBSR 
SSG SS008 8\'eneeeee.. 


-6 
esa 


tt 
LOAD CAPACITANCE (C, )— pF 


7 
= OG. 
asses 
20 


Cc 
function of load capacitance. 


of load capacitance. 


current characteristics. 
a 


current characteristics. 


8 


cea 
AMBIENT TEMPERATURE (Ta) = 25°C 


AMBIENT TEMPERATURE (Ta )* 25°C 


su—(THd): Wd) 3WIL AV130 NO! LYOWdONd su—(H114°1H1)) awit NOILISNVYL 


ated tid icy | sles Fee 
ois 
7 


sa INE 
ail & ied Ba) Bo ra oO}w 
+ 
3/212 
io | 


Ai} Oo 


oO; OO wo O;W O}WwW oO;}w oO;}w 


+0.4 


+ 10°4 


—40, + 25, + 85 Apply to E ce 


4.95 
9.95 
" = 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at 


Values at -55, +25, +125 Apply to D, F, K, H Packages 


nominal operating conditions should be selected so 


that operation is always within the following ranges: 


RECOMMENDED OPERATING CONDITIONS 


— 
” ~~ oO ic 
za ~- oe me —_~~ 
2 lzsle ES|a\|o o 
e (Felco eaiG 1S$¢ 
= S| 2\5 = ut COG 
z D b= Cone 
Oo - a = 2 oS o 
8 los : sels] Sele 2 eS|a (935 
+21 Is E8|3 |os§ 
. ‘asl . ‘ ‘ < O ; a 
oOo c 2s Bal © — 
— oT) : : ~ oO = 
x 98 52 2285, . E au § 
<e 3 52 Ce mat Dd xX ew Q. ia 
Iw 54 62 HOSGNOs uw De 
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CD4503B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t,, ts = 20ns, 
C_ = 50 pF, Ry, = 200 kQ unless otherwise specified. 


Vpop LIMITS 
CHARACTERISTIC ive. | Ma 


Propagation Delay Time: 5 75 150 
Low-to-High, tp, y 10 35 70 
15 25 50 
High-to-Low, tpyy, Ss) 55 110 
10 25 50 
15 ut 35 
Transition Time: < 50 90 Gorscerehian 
Low-to-High, tr_} 10 30 45 
15 25 35 Fig. 10—Quiescent-device-current test circuit. 
High-to-Low, try 5 35 70 
10 20 40 
15 13 25 
3-State Propagation Delay Time: RL =1k9 5 70 140 Yoo 
t % 10 
PHZ: ‘PZH 15 50 INPUTS OUTPUTS 
tpz._, tpLz 5 180 Vin 
10 80 ns ane : 
18 70 Vin S 
Voo NOTE: 
Vss TEST ANY COMBINATION 
z . fl ime OF INPUTS 
z LY 92CS-27441R1 
hi an ee an 
: ag ' Fig. 11—Input-voltage test circuit. 
ascs 
< Tt - [ 2 Cc 
2 ce Z | (et r=—==| , L y 
r=} y +~CLSO pF DD 
Aa L p 6 
z mana 10 INPUTS 
a aA 12 Vv NOTE 
v4 4 = MEASURE INPUTS 
2 8 a (x) SEQUENTIALLY, 
FREQUENCY (f)—KHz gete-aeve0 1 Vss TO BOTH Vpp AND Vs: 
Fig. 8—Typical power dissipation as a function 92cs-32741 een 
of frequency. Fig. 9—Dynamic power dissipation test circuit. Vop OR Vgs° 
Vss 
92CS- 27402 
Fig. 12—Input current test circuit. 
81 


Dimensions and pad layout for CD4503BH 


(1.727- 1.930) 
Dimensions in parentheses are in millimeters and 


are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch): 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
(1.981 -2.184) 92CM- 32742RI of -—3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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Features: 


CMOS Dual 4-Bit @ Two independent 4-bit latches 


L atch ®@ Individual master reset for each 4-bit latch 


& 3-state outputs with high-impedance state for bus 


line applications 


High-Voltage Types (20-Volt Rating) = Medium-speed operation: tpyy, = tpi} = 70 ns 


(typ.) at Vpp = 10 V and CL = 50 pF 
= 100% tested for quiescent current at 20 V 
= 5-V, 10-V, and 15-V parametric ratings 


The RCA-CD4508B dual 4-bit latch contains 
two identical 4-bit latches with separate 
STROBE, RESET, and OUTPUT DISABLE 
controls. With the STROBE line in the high 
state, the data on the “D” inputs appear at ™ Maximum input current of 1 uA at 18 V 
the corresponding ‘’O”’ outputs provided the over full package-temperature range; 
DISABLE line is in the low state. Changing 100 nA at 18 V and 25°C 

the STROBE line to the low state locks the = ; ; : 

data into the latch. A high on the reset line da a a Pare be 
forces the outputs to a low level regardless of 1VatVpp= 5V 

the state of the STROBE input. The outputs _ 

are forced to the high-impedance state for 2V atVpp= 10V 

bus line applications by a high level on the 2.5 V at Vpp = 15 V 

DISABLE input. = Meets all requirements of JEDEC Tenta- 


The CD45088 types are supplied in he 2a. fe Standard No-13A, “Standard Sed 
lead dual-in-line ceramic packages (D and F CMOS Devices” 

suffixes), 24-lead dual-in-line plastic pack- 

ages (E suffix), 24-lead ceramic flat pack- - nae ; 
ages (K suffix), and in chip form (H are Applications: 

= Buffer storage 

® Holding registers 


= Data storage and multiplexing 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vssg Terminal) : —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . ew se @ we 8 —0.5 to Vpp +0.5 V 
DC INPUT CURRENT; ANY ONEINPUT . «© « «© © © @ © w@ «© © # & © & * +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 


The CD4508B is similar to industry type 
MC14508. 


For Ta = —40 to +60°C (PACKAGE TYPE E) 500 mw 
For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mw 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mw/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Al! Package Types) 
OPERATING-TEMPERATURE RANGE mae 

PACKAGE TYPES D, F, K, H ; 

PACKAGE TYPE E . 
STORAGE TEMPERATURE RANGE tag 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 0.79 mm) fromcase for10smax. . . . . . . . +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 


100 mW 


—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


Reset Pulse Width, tw(R) 


Strobe Pulse Width, tw(st) 


Setup Time, tsy 30 
20 
Hold Time, ty 


# Standardized, symmetrical output characteristics 


CD4508B Types 


92CS -27494R) 


FUNCTIONAL DIAGRAM 


fe} 

. ~ “GS 88800 Geena seucassarnaes 
He fd 
SSCHCESSRRE CARES ES = 


Ne>~ 96 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 
i 
5 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 


92C5 24318R3 


Fig.2 — Typical output low (sink) current 
characteristics. 


AMBIENT TEMPERATURE (Tq)=25 °C 4 
i 
| 


seeseeetesee specuseae 
ss oe HH Ht neta 
sseesessees sessteai fap cae : 


ov —mA 


OUTPUT LOW (SiNK) CURRENT (I 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CS -24319R) 
Fig.3 — Minimum output low (sink) current 
characteristics. 


DRAIN- TO- SOURCE VOLTAGE (Vps)—Vv 


15 a 
AMBIENT TEMPERATURE (Ta)= 25°Ch 


sceeceee GATE -TO-SOURCE VOLTAG 


eensag, pane 
CS000R pone 
edd 


yr 
us 
3 
a 
- 
z 
w 
« 
4 
2 
oO 
wi 
Vv 
« 
3 
2 
~ 
2 
a 
— 
> 
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Fig.4 — Typical output high (source) current 
characteristics. 
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CD4508B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


CONDITIONS 
CHARACTER- 


ISTIC 


Quiescent Device 
Current, 
IDD Max. 


Output Low 
(Sink) Current 
lor Min. 


Output High 
(Source) 
Current, 


1OH Min. 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
VIH Min. 


Input Current 
lin Max. 


3-State Output 
Leakage Current 


\OuUT Max. 
OUTPUT DISABLE TT TYPICAL LATCH OL 
l Voo | 
* . 
30 p. ee OUTPUT DISABLE l 
OUTPUT 
DISABLE-A | | 
if B 
* / 
ff | Qn-A 
a é ———O 5(7,9,1!) 
RESET-A | vd | output 
O 
pepe us 
4(6,8,10) @ ‘o | 
On-A j \/ 
Vv 
| ey ss | 
ae ST | 
2 ST | 
STROBE-A = v J 
RESET 
* ALL INPUTS Vss 


PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


92CM- 29293 


1 = HIGH LEVEL 
0 = LOW LEVEL 


X = DON’T CARE 
Z = HIGH IMPEDANCE 


Fig. 7 — Logic diagram (A-Section), 1 of 4 identical latches with 
common output disable, reset, and strobe. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


Htttt+ t+ 
gaeaae 
H SSSRnn GATE 


1] 


rH 
++ 


OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


BNCsS 24 S21 Rie 


Fig. 4 — Minimum output high (source) current 
characteristics. 


AMBIENT TEMPERATURE (Ta)#25°C 3H 


TRANSITION TIME (tTHL.tTLH)—As 


0 20 40 60 80 100 
LOAD CAPACITANCE (C; )— pF 


92CS-24322 


Fig. 5 — Typical transition time as a function of 
load capacitance. 


AMBIENT TEMPERATURE (Ta )=25°C ---[----fes-s]eee: 


NO 
uO 


8 


eee ae ees eee ek a cn 


eee eee ere ae fee 


ee aes Greer Wernowc ececar ara eerargrne eur ck ay (emer 


ee Ceo ee ee es PO re Ce ae eee eres Geer ay 
ory Wee ece ear men se acer ernie Gree eerie Cover ne tora Aver ve em eer nee | 


0 i0 20 30 40 50 60 70 80 9 100 
LOAD CAPACITANCE (C L)— pF 
92CS- e¥la4d 


Fig. 6 — Typical propagation delay time as a func- 


tion of load capacitance (strobe to data out). 


Quwn !MA® 


3 


(Pp )—pWw 


C250 pF 
ey 216 -0F woe 


POWER DISSIPATION PER 4-BIT LATCH 


2 468 2 4 68 2 468 2 468 
; | 10° 107 


INPUT FREQUENCY (tind kHz 
92cs-29295 


Fig. 8 — Typical power dissipation as a function 
of frequency. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; Input t,, ts = 20 ns, CL = 50 pF, 
Ri = 200 k{2, unless otherwise specified. 


TEST LIMITS 

CHARACTERISTIC CONDITIONS Vpp | Typ. | Max. | UNITS 

5 100 20 

0 100 

40 8 

100 0 
0 
0 
0 

8 

2 


Transition Time, tTHL. tTLH 


Minimum Reset Pulse Width, tw(R) 


= _ — 
selase laa 


Minimum Strobe Pulse Width, tW(st) 


5 
2 
Ea 
5 100 
7 140 
4 
15 3 


0 
0 
0 
0 0 
5 70 
3 50 
5 30 
0 0 
60 
0 
0 


Minimum Setup Time, 


Minimum Hold Time, 


1 
1 
130 | 2 
10 7 140 
5 100 - 


105 210 
60 120 
90 


180 


—_ — =_ a 
AlnoTtao 


Propagation Delay Times: tpyy) ,tpLy 
Strobe to Data Out 


Data In to Data Out 


ol 
ico) 
Oo 


Reset to Data Out 


3-State Propagation Delay Times: 
Output High to High Impedance,tp}47 


High Impedance to Output High, tp7y4 


—, —_ = -—_ = —_ =a —_ 
s3o]aselase [az nolan 
woo pS 
C1 Oo © on 
— a Y 
OO 0 
oO: Oo © 


Output Low to High Impedance, tp, 7 


90 180 
High Impedance to Output Low, tpz,_ 50 100 
35 


Input Capacitance, CIN Any Input La) 
— Lagi 


tW(st) 
| 
STROBE 
INPUT ) | | 
‘su I 
yt tet be 
Dn | | 
INPUT | | 
| | 
| | aa twirR) b— 
| , 
RESET | 
| | | | 
| | | 
OUTPUT | | 
DISABLE ) | | | 
| | | Le | : 
pe t pL 
tet > ah teat | PHL | —»l 


| 
| re 'PLH 
| 
Qn me wf iy 


real | -- im.) 


° 92CM-29297 
Fig. 12 — Test waveforms. 


CD4508B Types 


92CS -29296 


Fig.9 — Power dissipation test circuit. 


Vss 92CS- 27401RI 


Fig.10 — Quiescent device 
current test circuit. 


Voo 


INPUTS OUTPUTS 


— “"¢ 


NOTE: 


Vss TEST ANY COMBINATION 


OF INPUTS 


y2CS-27441RI 


Fig.11 — Input voltage test circuit. 


Yoo 


NOTE: 


*.. (2) MEASURE INPUTS 
° SEQUENTIALLY, 

TO BOTH Vpp AND Vss- 
CONNECT ALL UNUSED 


INPUTS TO EITHER 
Vop OR Vss° 


g92cs-27402 


Fig. 13 — Input current test circuit. 
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CD4508B Types 


Yoo 
OUTPUT DISABLE — Vgs 
STROBE Q0 se nereiel 
SE na ike 
4 Q@ OUTPUT - Von 
10% 2 
aig 
[soor 'PHZ 
92C8-29298 
Voo| V 
| tpzul Yoo] Yss |} yocs-c5088 
Fig.14 — Output disable test circuit and waveforms. 
CD4508B 4 
i = he. cD4508B 
| ae 
RESET serve | 1 | 3-state | | 
CLOCK | }a-eit catcn| | | |q-Bit LatcH | 
DATA BUS 
| | | | 
| tt eae 
a g en ieee ac 
4 BIT SHIFT 4 BIT SHIFT 
REGISTER REGISTER — 4-LINE T 
SERIAL DATA DATA BUS 


mi a 
a (ak MOREA OE RS 
| 


poy 
DATA BUS se oe 


STROBE 


QUAD LATCH QUAD LATCH C04508B 
(3 STATE) (3 STATE) | | | {| | | | | | | 
OISABLE | | A 
3-STATE | 3-state | | 8 
| 4-BIT LATCH | | 4-8IT LATCH | 
DISABLE 
L ns i _| FUNCTION SELECT 
4-LINE LAY Bs Inhibit (atl 0) 
OATA BUS nhibit (a 
reeceee. Select A Bus 
Select B Bus 
92CM- 29300 A\ ‘ B 
Fig. 15 — Bus register. 
92CM- 2930! 


° Oo fe 2) ae ee ee ee Fig.16 — Dual multiplexed bus register with 


function select. 


91-99 
(2.311—2.515) 
RESET A \@ 
STROBE A 2 
OUTPUT 
DISABLE A 3 
DOA 4 
Q0A 5 
DIA 6 
QIA 7 
O2A 8 
= Q2A 
(0.102—0.254) Q3A 
93-I01 92CM-29302 v 
2.362-2.565 ss 
TOP VIEW 
The photographs and dimensions of each CMOS chip 92CS-27604 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of TERMINAL ASSIGNMENT 
Dimensions in parentheses are in millimeters and cleavage may vary with respect to the chip face for 
are derived from the basic inch dimensions as in- different chips. The actual dimensions of the isolated 


chip, therefore, may differ slightly from the nominal! 
dimensions shown. The user should considera tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD4508B. 


dicated. Grid graduations are in mils (10-3 inch). 
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CMOS Presettable 


Up/Down Counters 


High-Voltage Types (20-Volt Rating) 
CD4510B — — — BCD Type 


CD4516B — — — Binary Type 


The RCA-CD4510B Presettable BCD Up/Down 
Counter and the CD4516 Presettable Binary 
Up/Down Counter consist of four synchron- 
ously clocked D-type flip-flops (with a gating 
structure to provide T-type flip-flop capa- 
bility) connected as counters. These counters 
can be cleared by a high level on the RESET 
line, and can be preset to any binary number 
present on the jam inputs by a high level on 
the PRESET ENABLE line. The CD4510B 
will count out of non-BCD counter states in a 
maximum of two clock pulses in the up 
mode, and a maximum of four clock pulses 
in the down mode. 


If the CARRY-IN input is held low, the 
counter advances up or down on each 
positive-going clock transition. Synchronous 
cascading is accomplished by connecting all 
clock inputs in parallel and connecting the 
CARRY-OUT of a less significant stage to 
the CARRY-IN of a more significant stage. 


The CD4510B and CD4516B can be cascaded 
in the ripple mode by connecting the CARRY- 
OUT to the clock of the next stage. If the 
UP/DOWN input changes during a terminal 
count, the CARRY-OUT must be gated with 
the clock, and the UP/DOWN input must 
change while the clock is high. This method 


provides a clean clock signal to the subse- 


quent counting stage. (See Fig. 15). 

These devices are similar to types MC14510 
and MC14516. 

The CD4510B and CD4516B Series types 
are supplied in 16-lead hermetic dual-in- 
line ceramic packages (D and F suffixes), 
16-lead dual-in-line plastic packages (E suf- 


fix), 16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


PRESET 


ENABLE \@ 
Q4 2 
P4 RS) 
P| 4 
CARRY IN 5 
Ql 6 
CARRY OUT 7 
Vss 8 


(TOP VIEW) 


CD4510B, CD4516B 
TERMINAL ASSIGNMENT 


CD4510B, CD4516B Types 


, Features: 


PRESET 


® Medium-speed operation -- ENABLE 


fo. = 8 MHz typ. at 10 V 
® Synchronous internal carry propagation 


@ Reset and Preset capability 


Vop 7? 16 
Vss78 


= 100% tested for quiescent current at 20 V 


CARRY OUT 


# 5-V, 10-V, and 15-V parametric ratings 
= Standardized symmetrical output characteristics 


= Maximum input current of 1 uA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 


® Noise margin (full package-temperature 
range)? 1VatVpp=5V 
2V at Vpop =10V 
2.5 Vat Vpp = 15 V 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


CD4510B, CD4516B 
FUNCTIONAL DIAGRAM 


92CS-24824 


Applications: 

= Up/Down difference counting 

® Multistage synchronous counting 
® Multistage ripple counting 


@ Synchronous frequency dividers 


OPERATING CONDITIONS AT Ta = 25°C, Unless Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


: 
Supply Voltage Range (At Tq = Full Package- Temperature Range) 


Clock Pulse Width, ty 


ie 
0 


5 


Clock Input Frequency, fo. 


Preset Enable or Reset Removal Time 


Clock Rise and Fall Time, t,CL, teCL 


Carry-In Setup Time, ts 


poe a ae | a ee —> ond —i md —_— — 
oa1T ao OIinowynd oi ao ot oo © 


Up-Down Setup Time, ts 


—_ 
ory;o 


Preset Enable or Reset Pulse Width, tw 


Time required after the falling edge of the reset or preset enable inputs before the rising edge 
of the clock will trigger the counter (similar to setup time). 


*If more than one unit is cascaded in the parallel clocked application, t-CL should be made less 
than or equal to the sum of the fixed propagation delay at 15 pF and the transition time of the 
carry output driving stage for the estimated capacitive load. 
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CD4510B, CD4516B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vos Terminal) .......... cc ccc cece eee e cence cece eee n ee eeeneeee -0.5 to +20 V 
INPUT VOLTAGE RANGE. ALLINPUTS 3 sionsctkedecdnswewia cxadacseees presin vans ss -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT sccnccccensacavadssenaseeneueea stone setoncavaseryceus +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta, = -40 to +60°C (PACKAGE TYPE.E) cistccaccccewensscbcnesas Faedade coeweveasaR an saws 500 mW 

For Tp = +60 16 +85°C: (PACKAGE TYPE E) wncscccncscusesoucs Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES 0. FA) ci sccecsevessmans <s2 uss sndnewesesrnsee aus 500 mW 

For Ta =+100 to +125°C (PACKAGE TYPES D, F, K) ciswusesss Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..........-.0-eeeeeee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACICAGE TYPES OF. oxicadsvadecbansiadwnndieuatanssidasassetecucugegeeeevis -55 to +125°C 

PACKAGE TYPE © ase dinenicecncvs tudsecdeceessesaneecer eae cians PiKernvencsceteracns -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) inact unhe  weietRealee op ie mga Gin ah aha death ayer seal Hl Glo -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ........ 6. eee ee eee ee eens +265°C 


9 
RESET"O 
PRESET’ | 
ENABLE O 


15 
cLock*O 


CARRY OUT CO 
7 


*aLL INPUTS 


PROTECTED BY 
COS/MOS Vss 


PROTECTION NETWORK. 


Ql 


Fig.3 — Logic Diagram for CD45170B. 
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Fig.5 — Minimum output high (source) current 
characteristics. 
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BbSS heabs sees: eee epres deny eee 
fo) 40 60 80 100 
LOAD CAPACITANCE (C, )—pF 92CS-24322RI 


9208-24 521R2 


Fig.6 — Typical transition time vs. load 
capacitance. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-24318R3 


Fig.1 — Typical output low (sink) current 
characteristics. 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS -24319RI 
Fig.2 — Minimum output low (sink) current 
characteristics. 


DRAIN- TO-SOURCE VOLTAGE (Vps)—V 
-15 -10 -5 0 


ae 
SESE 


secgsteeece 
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92C5- 24320R3 


suuseese NA 
SSE NEN 


OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


Fig.4 — Typical output high (source) current 
characteristics. 
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PROPAGATION DELAY TIME (tpey.tpHL)—ns 


0 2 4240 +60 80 100 
LOAD CAPACITANCE (CL)— pF 92cS-27005 
Fig.7 — Typical propagation delay time vs. 
load capacitance for clock-to-Q 
outputs. 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 


(Sink) Current | 0.5 |0,10{ 10. 


1IoL Min. 


CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package UNITS 
ISTIC Vo Vin |Yoo +25 
wy ftv) | tv) +85 | +125 | Min. | Typ. | 
Quiescent Device L 0,5 150 | 150 | — | 0.04 | 
Curent, [—_[o,10 | 10 00 | 300 | — [oo] 1] 
ippmex [= [ors] 1s | 20 [20 | 600 | 600 | — | 0.04 | ° 
[J o20] 20 [100 | 00] 3000 | 3000 | [008 
Output Low | 04 | 042 [036/051 [ 1 | 
| 

La | 6.8 | 
Soure His [13 [-115]-16 | -32 | 
urren 


i=) 
j=) 
on 


3 


POWER DISSIPATION/ PACKAGE (Pp)—»W 


Output Voltage: 


a [55 
towteel, [~~ Toio| | _oos——*dt - ‘| 0 [00s 
Tons as [05 F085) 
Highteve, [—Yo.10 | 10 895 a5 [0 
6 
vuMe [ieiss| [as] Sir i 
Ma Mins [n5a3s{ - [st T= | | 
2 
RESET © 
sate 
Pa 
CLOCK © 


CARRY OUT C© 
7 


*aLL INPUTS 
PROTECTED BY 
COS/MOS 

PROTECTION NETWORK 


Vss 


Fig.10 — Logic Diagram for CD4516B. 
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CD4510B, CD4516B Types 


AMBIENT TEMPERATURE (Ta)=25°C: 
LOAD CAPACITANCE (C,_)=50 pF 


SUPPLY VOLTS —Vpp 92CS~ 27006 


Fig.8 — Typica! maximum clock input frequency 


vs. supply voltage. 


AMBIENT TEMPERATURE (Ta)= 25°C 4 
tr, 1¢ = 20ns 
—— C;=50 pF 

<= C, =|Si0F | 
pp a 4— 4 


| 
| 


92CS-27007 


CLOCK INPUT FREQUENCY (fc_)— kHz 
Fig.9 — Typical dynamic power dissipation 
vs. frequency. 


32CS- 27401RI Vss 


Fig. 11 — Quiescent-device-cur- 
rent test circuit. 


INPUTS 


Voo NOTE 

MEASURE INPUTS 

SEQUENTIALLY, 

Vss TO BOTH Vpp AND Vss: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OF Vss- 


92CS-27402 


Fig. 12 — Input-current 
test circuit. 
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CD4510B, CD4516B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Cy = 50 pF, 
Input t,, te = 20 ns, Ry = 200 kQ2 


Condit- 
ions 


VppD 
(V) 


Limits 


Characteristic All Packages 


Propagation Delay Time (tpH_, tpLH): 


Clock-to-O Output (See Fig. 10) 


Preset or Reset-to-Q Output 


Clock-to-Carry Out 


Carry-In-to-Carry Out 
Preset or Reset-to-Carry Out 
Transition Time (tTHL, tTLH) (See Fig. 9) 


Max. Clock Input Frequency (fc_) 


Input Capacitance (Cj,\) 


Set-up Time, ts 
Preset Enable to Jn 


Hold times, ty 
Clock to Carry-In 


Clock to Up/Down 


Preset Enable to Jn 
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Yoo 
INPUTS OUTPUTS 
Vin 
ane. . 
° i 
Vin = 
NO 


TE: 

TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 
Vop OR Vss- 


92CS- 27400RI 


Fig. 13 — Input-voltage 
test circuit. 


| ‘ay uli ns 
| 90% | VDD 
| #50 % | 
| 10% Vv 
: VARIABLE SS 
WIDTH 


92CM-27012 


Fig.14 — Power-dissipation test circuit and 
input waveform. 
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COUNT] O | 1 SHAARANAGRAA ARAN TARR 


CARRY auTt 


fe) 


92CM-27008 


Fig. 15 — Timing Diagram for CD4510B. 


CLOCK 
SEES 
UP/DOWN anes 

=A 


_ EEE 
P3 
COC 


na 
FE aanaaee oe siyavaetazes 
CCD RR REE aS 


COUNT] 5] 6] 7] 8] 9] 10] | t2) 13] 14) 15] 9] 8 t 6/5/41] 3] 2 | oO; 0; 15] 0 


CARRY OUT 


92CM-27009RI 


Fig. 16 — Timing diagram for CD4516B. 


PARALLEL 
DATA 
TPUT 
ANALOG 16 -CHANNEL oes 
DATA MULTIPLEXER 


CD4067 


INPUTS | | 


CONVERSION 
LOGIC 


SELECT 
INPUTS 


CD4516 


PRESET 
INPUTS 


CLOCK PRESET 
ENABLE 92CS- 27014 


This acquisition system can be operated in 
the random access mode by jamming in 
the channel number at the present inputs, or 
in the sequential mode by clocking the 
CD4516B. 


Fig. 17 — Typical 16-channel, 10-bit data acquisition system. 


CD4510B, CD4516B Types 


X = DONT CARE 
TRUTH TABLE 


- 100 
(2. 337- 2.540) 


a 


4-10 
(0.102-0.254) 


97-105 92CS- 27037RI 
(2.464 - 2.667) 


Dimensions and Pad Layout for CD4510BH. 


—— 


(2. 286- sy 489) 


| 


92CS-27036RI 
80-88 
(2.032- 2.235) 


Dimensions and Pad Layout for CD4576BH. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —-3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (107 ~ inch). 
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CD4510B, CD4516B Types 


“PARALLEL CLOCKING" 
UP/DOWN 


a - 7 - 


UP/D PE J Jo ug UP/D PE 


Ct CD4510/16 one 


44 
CI. CD4510/16 C6. 53 & 


CL Q 


— le eee 


RESET 


Qo Q3 Q4 


* CARRY OUT lines at the 2nd, 3rd, etc., stages may have a negative-going glitch 
pulse resulting from differential delays of different CD4510/16 IC’s. These negative- 
oing glitches do not affect proper CD4510/16 operation. However, if the 
signals are used to Won other edge-sensitive logic devices, such 
as FF’s or counters, the signals should be gated with the clock signal 
using a 2-input OR gate such as CD4071B. 


"RIPPLE CLOCKING". 


UP/ DOWN 
PRESET ee a 


ENABLE 


UP/D PE uy UP/D PE 


UP/D PE Jj Jo Jz U4 


Jo Jz dg 


C.I. 


CD4510 /16 C:0 


CD 4510/16 C.0. 


CL Q; GL 


CL Q; 


CLOCK > ) > 


RESET 


Qo Qz Qy4 


Qo Q3 Q4q4 


RIPPLE CLOCKING MODE: 
THE UP/DOWN CONTROL CAN BE CHANGED AT ANY COUNT. THE ONLY RESTRICTION ON CHANGING 


THE UP/DOWN CONTROL IS THAT THE CLOCK INPUT TO THE FIRST COUNTING STAGE MUST BE "HIGH 


For cascading counters operating in a fixed up-count or down-count mode, the OR 
gates are not required between stages, and is connected directly to the CL input 
of the next stage with CT grounded. 


Fig. 18 — Cascading counter packages. 
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CD4510/16 


Jy Jo Jz Jy 


Jj 


Jo Jz J4 


CO. 


CD45!0/16 


Q, Qo Q3 Q4 
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CD4511B Types 


CMOS BCD-to-7-Segment 
Latch Decoder Drivers 


High-Voltage Types (20-Volt Rating) 


7-SEGMENT 
OUTPUTS 


DISPLAY 


8B aie 


92CS - 25087 


LE/STROBE 
The CD4511B types are BCD-to-7-segment Features: Vss*8 92Cs- 28083R2 


latch decoder drivers constructed with ; ; Yoo"'s 

CMOS logic and n-p-n bipolar transistor out- ® High-output-sourcing capability ........ up to 25 mA 

put devices on a single monolithic structure. = Input latches for BCD Code storage 

These devices combine the low quiescent = Lamp Test and Blanking capability FUNCTIONAL DIAGRAM 
power dissipation and high noise immunity = 7-segment outputs blanked for BCD input codes > 1001 

features of RCA CMOS with n-p-n bipolar 

output transistors capable of sourcing up to = 100% tested for quiescent current at 20 V a 

25 mA. This capability allows the CD4511B Applications: 


@ Max. input 
types to drive LED’s and other displays ax. input current of 1 uA at 18 V, over 


j full package-temperature range, 100 nA ® Driving common-cathode LED displays 
directly. 18 V ° 
at and 25 C ® Multiplexing with common-cathode LED 
a 5- j j : 
Lamp Test (CT), Blanking (BL), and Latch 5-V, 10-V, and 15-V parametric ratings displays | 
Enable or Strobe inputs are provided to test ® Driving incandescent displays 
the display, shut off or intensity-modulate it, ® Driving low-voltage fluorescent displays 


and store or strobe a BCD code, respectively. 
Several different signals may be multiplexed 
and displayed when external multiplexing 


circuitry is used. The CD4511B is supplied MAXIMUM RATINGS, Abso/ute-Maximum Values: 


in 16-lead hermetic dual-in-line ceramic 
DC SUPPLY-VOLTAGE RANGE, (V 
packages (D and F suffixes), 16-lead dual- GE RANGE, (Vpp) 


chains (Voltages referenced to Vgg Terminal) . . . 2. 2. 1. ee ee ew eee —0.5 to +20 V 
in-line plastic packages (E suffix), 16-lead INPUT VOLTAGE RANGE, ALLINPUTS . . . ....... . . . 0.5 to Vpp +0.5 V 
ceramic flat packages (K suffix), and inchip DC INPUT CURRENT, ANY ONEINPUT . . . . . . . 2. ee eee ee TOMA 
form (H suffix). POWER DISSIPATION PER PACKAGE (Pp): . 
These devices are similar to the type For Ta = —40 to +60°C (PACKAGE TYPEE) .... . ; 500 mW 
MC14511. For Ta = +60 to +85°C (PACKAGE TYPE E) . |... Derate Linearly at 12 mW/°C to 200 mW 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) ... .  §00mw 
For Ta = +100 to +125°C (PACKAGE TYPES D,F,K) - - - Derate Linearly at 12 mw/°c to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . . 100mW 
OPERATING-TEMPERATURE RANGE omy 
wuulie — PACKAGE TYPES D,F,K,H . . +. +. +t ee ew es 6«—6S t04126%C 
owls ; PACKAGE TYPEE . . . ite ee we wo Se e @ © TOERPC 
rH; g STORAGE TEMPERATURE RANGE figs ) . ee et ew we el we) BE to +180°R 
BL—4 a LEAD TEMPERATURE (DURING SOLDERING): 
ee b At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for10smax. . . . . .. . +265°C 
c 
A T d 
Vss 8 e 


OPERATING CONDITIONS AT Ta = 25°C Unless Otherwise Specified 


TOP VIEW 
92CS-25084RI For maximum reliability, nominal operating conditions should be selected 


so that operation is always within the following ranges 


CD4511B 
TERMINAL ASSIGNMENT 


op | Wn [won [on 
Supply-Voltage Range (Tj): 3 Vv 
(Full Package-Temperature Range) 


Set-Up Time (ts) ee 


Hold Time (ty) 


Strobe Pulse Width (ty) 
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CD4511B Types 


STATIC a CHARACTERISTICS TARBTERT TEMPERATORE (Tale 88 °C EEE 


| Conditions Limits at Indicated Temperatures (°C) 


Values at -55, +25, +125 for D, F, K, H, nee 5 | 
Values at —40, +25, +85 for E i tte ie ete 
Vin|Ypp 
ee 


PS near 
nn SN 
-20 [100 [100 [3000 [3000 | - | 0.08 


Too 
il ge lg 


Low-Level VoL PP feat 0.08 


Max. | = [0,15] 15| 15 | Po 05 


fests ee arta 
P= |= Jor [s 3 [92 [92 [ar | 968 | 


Ht GATE-TO-SOURCE VOLTAGE (Vgg)*I8 VH-+4 


Characteristic 


Quiescent Device 
Current: lop 


Max. 


chal ras ee 
Beeeneetean 
save lauuee rth tit. 


OUTPUT LOW (SINK) CURRENT (Iq) —mA 


Output Voltage: 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V = 92° 5-243/8R3 


Fig. 1 — Typical output low (sink) current 
characteristics. 


High-Level VoH|_-_| 


np forsps ie] ep tae ae at esp | | mei 
ms, [leet t-te 7 
vonwse, Vi [Tt Tgal 70 i 


Max. 


cs ck 1s a VV SRE cS Ce 


[fossa] [s[ 3s si ssf - | | 
p- | 188) -]10f 7? = 
| Fetas)— [5 ie ae Se 

oes ae 


Input High 
Voltage, Vv; H 


Sees = 


[Die ES eRe BEOee OD ttt + +4 t +4 
ESSE LaRes CH HHH 


PROPAGATION DELAY TIME (tp) 4, 


SReeeae 
29 RER BER2 a BeBe 
C) 25 50 75 100 
LOAD CAPACITANCE (C, )—pF 92CS-27077 
Fig. 2 — Typical data-to-output, low-to-high-level 
propagation delay time as a function of 
load capacitance. 


of | | 5 eg ea ee V 
6] | |; | - [350/350] - | 395] —| 
p20; | | | [355 | 355 | 330 | ~ | 340] 3.75 | - | 
ref 4 fea aaof [sto [a5 | 
fof |_| # [20 [ 90 [920 | o7 [or | oss | — 
Oe ed Pe oe ee a ce 
pio] -{-| ! [885 | 885 | 900 | 900 | 9.00 | 915 | -| y 
tn a ee a ae eo ea 
(8.70 | 8.70 | 840 | 840 | 860 | 890 | — | 
CNN MA 
Piao [1a [1430 | a0 | v4.10] 1455 | — 


Output Drive 
Voltage: 
High Level 


PHL)—"s 


a KO i qa i 
roe so wae Pea ao eso v at oon 
eee sss 


113.75 | 13.75 | 13.50 | 13.50 | 13.70] 13.95 | - | 
aes[ ies] - | — aso] a0] — 


PROPAGATION DELAY TIME (1 


Output Low 
reiniel Qurcent LOAD CAPACITANCE (C_ )— ae 92¢$-27078 
Fig. 3 — Typical data-to-output, high-to-low-level 
propagation delay time as a function of 


load capacitance. 


Input 
Current, lin 


pagea see - 
pete wes eee oes 


enimeica serial a 


See eeesaeeeaaausene BseEe 


ous saene 
seers ceecs Ceassee os 2 
SpeReoc8 
ase 
snag ict) eae 
Sunee sesee ceseusscesencececsececscecensceeces 
25 50 75 100 


LOAD CAPACITANCE (C_)—pF 92C$- 27079 


Fig. 4 — Typical low-to-high-level transition time as 
a function of load capacitance. 


312 


CD4511B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C, Input t,, ty = 20 ns, Se ae ed 
C, = 50 pF, Ry = 200 kQ isa ee ets eh tte eta ea tee eden oe sed stato: 


Test LIMITS 
CHARACTERISTIC Conditions All Packages 


Propagation Delay Time: 
(Data) 
High-to-Low Level, tpyyy, 


TL ES 
Pe ese 
net 


é 
Jj 
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FE 
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LOAD CAPACITANCE(CL)—PF 305 a 7080 


Low-to-High Level, t 
ow-to-Migh Level, tpy y Fig. 5 — Typical high-to-low transition time as a 
function of load capacitance. 


Propagation Delay Time: 


(BL) 
High-to-Low Level, tpyy 


acanaaeee 
AMBIENT TEMPERATURE (Ta )#25°C eeascecss 


Low-to-High Level, tp, y 


Propagation Delay Time: 
(LT) 
High-to-Low Level, tpyyy, 


AK 
J 


i 
+H 


aus Cry & 
10 saeeeseeeese adh 


Low-to-High Level, tpy y 


OUTPUT SOURCE CURRENT (Toy) 


Estee eeRae 


ay ‘ Ht Ht Seaaa HH 
Transition Time: 


SUPPLY VOLTAGE - OUTPUT DRIVE VOLTAGE (Vpp-VOH)—V 
92CS- 27081 


Low-to-High Level, tty Fig. 6 — Typical voltage drop (Vpp to output) vs. 
output source current as a function of 
supply. 


High-to-Low Level, t 
g THe 10> [AMBIENT TEMPERATURE (T )=25°C 


Cy = 50 pF eee 


Minimum Set-Up Time, to CL#lS pF-—— 


Minimum Hold Time, ty 


Strobe Pulse Width, ty 


-2 3. ef 5 & 0 . 5 & \ 5 & 2 5 8 
ie 1” FREQUENCY (t)— kite a 10" 
Input Capacitance, Cin : : _-s2cs-27082 _ 
Fig. 7 — Typical dynamic power dissipation characteristics. 
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CD4511B Types 


Voo 


OUTPUT 
DRIVERS 


*ALL INPUTS 
PROTECTED BY 
COS/MOS Vsg 
92CL- 27075RI PROTECTION 
ae NETWORK 
Fig. 8 — Logic diagram. 
Vv 
TEST CIRCUITS 00 
INPUTS OUTPUTS 
Vin 
ee + 
° - 
Vin 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-27441RI 


Fig. 10 — Input voltage. 
92CS- 27401RI DD 
Fig. 9 — Quiescent device current. 
INPUTS 
Voo NOTE: 
MEASURE INPUTS 
SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vsg 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vop OR Vss- 
Vss 


92CS-27402 


Fig.11 — Input current. 


MEASURE OUTPUT 4 FOR tp. 
MEASURE OUTPUT g FOR t py. 


92CS-27088RI Vss 


92CS-27086RI 


Fig.12 — Data propagation delay. Fig. 13 — Dynamic power dissipation. 
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# Depends on BCD code previously 
applied when LE = 0 


Note: Display is blank for all illegal input codes (BCD > 1001). 


X = Don’t Care 


TPHL 
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a 
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Fig. 14 — Dynamic waveforms. 
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APPLICATIONS 
Interfacing with Various Displays 


BCD 
INPUTS 


LATCH 


& 
DECODER 


ome Ip 


Le 


TO 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


IO LED 7- SEGMENT 
= DISPLAY 


92CS- 27089RI 


Duty Cycle = 100% 

ISEG = 'DIODEayg. 

VoH ~ Vor 
'ISEG 


R= 


Fig. 15 — Driving common-cathode 7-segment LED displays (example Hewlet-Packard 5082-7740). 
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Voo 
| ai CD4511 


 ) BRT 


a 


C04555 


Vss 
Multiplexing Scheme Showing 2 of 7 Segments Connected See arenes: 


Transistors Ty—Tg (RCA-2N3053 or 2N2102) have !¢ Max.rating > 7xIseG 


Duty Cycle = 25% 

'seG ~ "DIOoDE,yg! *4 

'VoH ~ Vor ~ Vce! 
ISEG 


All unused inputs on CD4555 
are connected to Vop or Vss- 


R= 


Fig. 18 — Multiplexing with common-cathode 7-segment LED displays (example Hewlet-Packard 5082-7404 


4 character display or 4 discrete Monosanto Man 3 displays). 


= 20 mA at Luminous Intensity/Segment = 250 microcandles 


CD4511B Types 
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A pectnainies intensity display can be 
obtained with low-voltage fluorescent displays 
such as the Tung-Sol Digivac S/G** Series. 


** Trademark Tung-Sol Division Wagner Electric Co. 
Fig. 16 — Driving low-voltage fluorescent displays. 


Vpo=5V 


92CS-27090RI 
2 of 7 Segments Shown Connected 


Resistors R from Vpp to each 7-segment driver 
output are chosen to keep all Numitron segments 
slightly on and warm. 


Fig. 17 — Driving incandescent displays (RCA 
Numitron DR2000 series displays). 


80 


100 
] 


90-98 
(2.286- 2.489) 


Lecinueo : 
(0.102-0.254) 


NS="23 
(2.921- 3.12 4) 


92CM- 32873 
Dimensions and pad layout for CD4511B chip. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (1 0-3 inch). 
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CD4512B Types 


CMOS 8-Channel 
Data Selector 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4512B is an 8-channel data 
selector featuring a three-state output that 
can interface directly with, and drive, data 
lines of bus-oriented systems. 


The CD4512B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and inchip form (H 
suffix). 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 
Supply-Voltage Range (For Ta = Full Package 
Temperature Range) 


1> 

*(0) (18) 

Y V 7 
4 : 


NET WORK 


< 

” 

wn 
TRANSITION TIME (trTHL.tTLH)—9s 


Features: 
@ 3-state output 
® Standardized, symmetrical output characteristics 
= 100% tested for quiescent current at 20 V 
# 5-V, 10-V, and 15-V parametric ratings 
® Maximum input current of 1 yA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 
® Noise margin (over full package-temperature range): 
1VatVpp= 5V 
2 Vat Vpp = 10 V 
2.5 V at Vpp = 15 V 


= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


® Digital multiplexing 
= Number-sequence generation 
® Signal gating 


LIMITS 


MIN. | MAX. 
: oe 


3-STATE 


INHIBIT DISABLE 


SELECT 
OUTPUT 


Vere) 
* 0 20 
ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION £5, 92CL - 28928R! 
Vss Fig. 2— 


Fig. 1 — Logic diagram. 
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CHANNEL 
INPUTS 


co4si28 


92CS- 28929 


FUNCTIONAL DIAGRAM 


Yoo 
3-STATE DISABLE 
SEL. OUTPUT 


TOP viEw 
92C8-28927 


TERMINAL ASSIGNMENT 


TRUTH TABLE 


3-STATE 
DISABLE 
0 


SEL 
OUTPUT 


xx 2+420000|0 


seduishandaniene fost 


=o oo cooo0cc9d so 


0 = Low Level 


40 60 80 100 92C$-24322 
LOAD CAPACITANCE (C,_)— pF 


Typical transition time as a function 
of load capacitance. 
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CD4512B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Output Voltage: 
Low-Level, 
Voi Max. 


Output 
Voltage: 
High-Level, 
VOH Min. 


92CS-24320R3 


Fig. 5 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


DC SUPPLY-VOLTAGE RANGE, (Vpp) < 
(Voltages referenced 10 Veco Terminal) .ccscssncescanes stone erase esennw eee seeeeeaeeus -0.5 to +20 V Ll seescesuesescesussess H 
Leah ial psa ahaa ! otal sccdbenesinmarpenthareteosuhae ieee oaaes 05 te'Vop = : 3 sussseaecscsnsssancseataatcaics 
9 PNEN DT NOWELL FEW WE fw ett tt thee tee ee eee ee HO Oe er Hee HHO ere eee eT ee HHH Poe eS — m 5 ttt PRE 
POWER DISSIPATION PER PACKAGE (Pp): E 
For Ta ==40 16 00°C (PACKAGE TYPE. ©) sisccatasevedecadis dosed dedecaad 52 ee4bbss SeNeeees 500 mW e 
For T A = +60 to +85°C (PACKAGE TYPE E) cvcscceccescasiveve Derate Linearly at 12 mW/°C to 200 mW z 
For Ta = ono tO 100°C (PACKAGE TYPES D..F, Ky) incccescasvans ows sw oeseusevucaes bacesecnes 500 mW i. 
For T, = +100 to +125°C (PACKAGE TYPES D,F, K) .......... Derate Linearly at 12 mW/°C to 200 mW 3 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 5 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................--04- 100 mW 5 
OPERATING-TEMPERATURE RANGE (Ta): ie sceecceessccesesaees 
PACKAGE TVFES GFR. diacerncdwaseeeesveaveneseansepeoeduatareerereadaescenes -55 to +125°C . 5 0  aaaiaeat ama ceremesccemenas 
PACKAGE TYPE © icsvsisosstavnovdessuashecescvdanvanrearessieewasdennevnnewsanviesa -40 to +85°C DRAIN-TO-SOURCE VOLTAGE (VpsJ-V 
STORAGE TEMPERATURE RANGE (Tstg) Lh Dkde es epaweeeehoures?sa6 see ebeenebasases -65 to +150°C Fig. 3 — Typical output low (sink) 
LEAD TEMPERATURE (DURING SOLDERING): current characteristics. 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ........ cece ee eee eee +265°C 
STATIC ELECTRICAL CHARACTERISTICS t HE seeiesosecteeatates 
LIMITS AT INDICATED TEMPERATURES (°C) | ) A, gH 
= rH 
CHARAC- CONDITIONS | Values at -55, +25, +125 Apply to D, F, K, H, Packages | |  restetty 
TERISTIC Values at —40, +25, +85 Apply to E Package T e tts 
| ; +25 S = esa 
Vo | Yin |}Yop 2 HEE 
w) | (vd (w) +85 |+125 est 
3 A 
Quiescent x 5] 5] 5} 5] 150] 150[ - | 0.04 ei: 
Device | - |0,10| 10] 10] 10] 300] 300] - | 0.04 3 
IpDp Max. DRAIN-TO-SOURCE VOLTAGE (Vps)—v 92° 24719"! 
| - | 20 | 100] 100 | 3000} 3000 0.08 Fig. 4 — Minimum output low (sink) 
Output Low 
lou Min. -5 -10 -5 0 
2.8} 2.4 [AMBIENT TEMPERATURE (Ta)-25°CETTTTTTTT TTT 
Output High e Ee cesscsceecsuccsescescccccaeacsccna ss 3 
- (Source 5] 2] -18 | -13/-1.15 i : 
| Current, ee ia 
tog Min. ae eee i : 
13.5 } 15 | -4.2] -4] -2.8] -24 : a 
a £ 
| osl 5 | 
f= | ® ns 
= 3 
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Fig. 6 — Minimum output high (source) 
current characteristics. 
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CD4512B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C, Input t,t, = 20 ns, 
Cy, = 50 pF, Ry = 200 k2 


CHARACTERISTIC 


Propagation Delay Time, tpy,, tp, y 
Inhibit to Output 


“A” Select to Output 


Data to Output 


3-State Disable Delay Time: 
tpZL- tpLz. tpHz- tPZH 


Transition Time, tty. tTLH 


Input Capacitance, Cjpy 


(Any Input) 


NOUdhWNM — 
ND Gi 
| 


@ 
od 


92CS-29862 


Fig. 9 — Dynamic power dissipation test circuit. 


Voo 


INPUTS 
Yoo NOTE: 
° @ 

Vss 


MEASURE INPUTS 
SEQUENTIALLY, 
TO BOTH Vpp AND Vss: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vss° 
Vss 


92CS-27402 


Fig. 11 — Input current test circuit. 


Yoo 
INPUTS OUTPUTS 
Vin 
en + 
° - 
Vie 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-27441R} 


Fig. 12 — Input voltage test circuit. 


TEST CONDITIONS LIMITS 


UNITS 
Vpp 
(V) Typ. 
a 50 
oe 5 


140 


280 


POWER DISSIPATION (Pp)—nW 


46 Bi, 


INPUT FREQUENCY (fjy) — kHz wdeeueaans 


Fig. 7 — Typical dyanamic power dissipation 
as a function of frequency. 


AMBIENT TEMPERATURE (Ta)=25°C 114 
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Fig. 8 — Typical propagation delay time as a function 
of load capacitance (“A” select to output). 


Vss 
92CS-2740IRI 


Fig. 10 — Quiescent device current test circuit. 


Dimensions in parentheses are in millimeters am 
are derived from the basic inch dimensions as in 
dicated. Grid graduations are in mils (10-3 inch, 


72-80 
(1.829-2.032) 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


- 4-10 
(0.102-0.254) 


75-83 — 
(1.905 - 2.108) 


Dimensions and pad layout for CD4512BH 


92CS-2986) 
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CD4514B, CD4515B Types 


CMOS 4-Bit Latch/4-to-16 


Line Decoders Features: 
High-Voltage Types (20-Volt Rating) = Strobed input latch 
. Inhibit control 8 | 
¥ ‘“High”’ on Sele 
sefen poe Stee " ee 7 ee = 100% tested for quiescent current at 20 V n oecooen + 
A p = Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
The RCA-CD4514B and -CD4515B consist 100 nA at 18 V and 25°C 
of a 4-bit strobed latch and a 4-to-16-line = Noise margin (over full package temper- 
decoder. The latches hold the last input data ature range): 
oresented prior to the strobe transition from 1VatVpp= 5V 
1 to 0. Inhibit control allows all outputs to 2 Vat Vpp=10V ee 
5e placed at G(CD4514B) or 1(CD4515B) 2.5 Vat Vpp= 15 V Shee ace 
UNCTIONAL DIAGRAM 
regardless of the state of the data or strobe = 5-V,10-V, and 15-V parametric ratings 
nputs. ® Standardized, symmetrical output 
The decode truth table indicates all combi- pe RL 7 
vations of data inputs and appropriate se- = Meets all requirements of JEDEC Tentative 


ected outputs. 

These devices are similar to industry types 
ViC 14514 and MC14515. 

The CD4514B and CD4515B types are 
supplied in 24-lead hermetic dual-in-line 


Standard No. 13A, ‘‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


Applications: 


Digital multiplexing 


ceramic packages (D and F suffixes), 24- ™ Address decoding 

ead dual-in-line plastic packages (E suffix), @ Hexadecimal/BCD decoding 
24-lead ceramic flat packages (K suffix), @ Program-counter decoding 
and in chip form (H suffix). ® Control decoder 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


99988808 90585 29R0cRRRR0RE 

COCO 

TO-SOURCE VOLTAGE (Vgs5)#!5 V 

eeagger_- cosussssssseacsas 
cose 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 


DRAIN- TO-SOURCE VOLTAGE (Vps)—V 


(Voltages referenced to Vsg Terminal) . —0.5 to +20 V Fig. 1 — Typical output low (sink) 
INPUT VOLTAGE RANGE, ALL INPUTS . —0.5 to Vpp +0.5 V current characteristics. 
DC INPUT CURRENT, ANY ONE INPUT +10 mA 
>OWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) . Derate Linearly at t 12 mw/°C to 200 mW r: 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) , 500 mW 1 

Dee Lineaity at 12 mW/°C to 200 mW 3 gi 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, kK) - 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
IPERATING-TEMPERATURE RANGE “= 
PACKAGE TYPES D, F, K, H : 
PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE Phage 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


100 mW 


—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 
VDD LIMITS 
UNITS 
ee ee 
HE FE iB 


CHARACTERISTIC 


Supply-Voltage Range (For T , = Full Package- 
Temperature Range) 


Data Setup Time, ts 


Strobe Pulse Width, tw 
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ee ang 
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erases He 
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eo a 
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DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
92CS 24519R1 


Fig. 2 — Minimum output low (sink) 
current characteristics. 
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x15 -10 = 
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OUTPUT HIGH (SOURCE) CURRENT (I OH)— mA 


ae 
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Fig. 3 — Typical output high (source) 
current characteristics. 
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CD4514B, CD4515B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 
(V) 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


+25 


CHARACTER. 


ISTIC UNITS 


—-< 
<O 
~o 


Quiescent Device 
Current, 
Ipp Max. 
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Output Voltage: 
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VoL Max. 


Output Voltage: 
High-Level, 
VOH Nin. 
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LOAD CAPACITANCE (C, )—pF . SUPPLY ie ie = 
92CS-24322 92CS -24552R) 


Fig. 7 — Typical low-to-high transition time vs. 
load capacitance. 


Fig. 8 — Typical strobe or data propagation delay 
time vs. supply voltage. 
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92C$-24352187 
Fig. 4 — Minimum output high (source) 
current characteristics. 
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4 60 
LOAD CAPACITANCE (C, )—pF 
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Fig. 5 — Typical strobe or data propagation delay 
time vs. load capacitance. 
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Fig. 6 — Typical inhibit propagation delay time 
vs. load capacitance. 


5 SS see ee ee CE EE Oe 


im ae ca 
iP ae 21s 


ee 


POWER DISSIPATION (Pp) — pW 


a en, «SOAP 
od a 
Leste er | 


a SS GE cee 
a me 
Simei 
2 4 : 8 2 68 2 : at 
4 4 68 2 4 68 
i 10 102 103 104% 
FREQUENCY (f) — kHz 


92CS- 24553R) 


Fig. 9 — Typical power dissipation vs. frequency. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; Input t,, te = 20 ns, 


C, = 50 pF, Ry =200KQ 


CHARACTERISTIC 


Propagation Delay Time: tpyy,. tpLy 
Strobe or Data 


Inhibit 


Yoo 


INPUTS 


Yoo 
° G 
Vss 


Fig. 12 — 


NOTE: 


MEASURE INPUTS 
SEQUENTIALLY, 


TO BOTH Vo AND Vss° 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss° 


92CS-27402 


Input current test circuit. 
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CD4514B, CD4515B Types 


INPUTS 


Yoo 
INPUTS 
Vin 
° 
Vin 
Vss 


Yoo 


Vss 


92CS- 2740I1RI 


Fig. 10 — Quiescent device current test circuit. 
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NOTE: 
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Fig. 11 — Input voltage test circuit. 
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Fig. 13 — Logic diagram for CD4514B and CD4515B. 
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CD4514B, CD4515B Types 


DECODE TRUTH TABLE (Strobe = 1) 


STROBE Voo 
DATA | INHIBIT 
DATA 2 DATA 4 
$7 DATA 3 
S6é si0 
S5 sil 
$4 s8 
$3 s9 
SI si4 
$2 s!5 
, so $i2 
1s = Vss S$i3 
TOP VIEW 
0 STROBE : 50% 92CS - 24554 
0 
0 " 92CS-24598R2 CD4514B 
0 CD4515B 
Fig. 14 — Waveforms for setup time and 
All Outputs = 0, CD4514B 
All Outputs = 1,CD4515B 
X = Don’t Care Logic 1 = high Logic 0 = low 
12 
(@) 10 20 £30 — er F - ? 9? wie No] 
(@) — 
L,_—_____ 410 
(0.102—0. 254) 109—lI7 92CS—29457 
(2.769-2.971) 
Dimensions and Pad Layout for CD4515B Chip 
(Dimensions and pad layout for the CD4514B are identical) 
Dimensions in parentheses are in millimeters and are The photographs and dimensions of each CMOS chip 
derived from the basic inch dimensions as indicated. represent a chip when it is part of the wafer. When the 


wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Grid graduations are in mils ( 10-3 inch). 
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CMOS Dual 64-Stage 
Static Shift Register 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4517B dual 64-stage static shift 
register consists of two independent registers 
each having a clock, data, and write enable 
input and outputs accessible at taps following 
the 16th, 32nd, 48th, and 64th stages. These 
taps also serve as input points allowing data 
to be inputted at the 17th, 33rd, and 49th 
stages when the write enable input is a logic 
1 and the clock goes through a low-to-high 
transition. The truth table indicates how the 
clock and write enable inputs control the 
operation of the CD4517B. Inputs at the 
intermediate taps allow entry of 64 bits into 
the register with 16 clock pulses. The 3-state 
outputs permit connection of this device to 
an external bus. 


The CD4517B is supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Features: 

= Low quiescent current — 10 nA/pkg (typ.) 
at Vpp=5V 

® Clock frequency 12 MHz (typ.) at 
Vpop = 10 V 


® Schmitt trigger clock inputs allow operation 
with very slow clock rise and fall times 


= Capable ot driving two low-power TTL loads, 


one low- power Schottky TTL load, or two 
HTL loads 

® Three-state outputs 

= 100% tested for quiescent current at 20 V 

= Standardized, symmetrical output 
characteristics 

@5-V, 10-V and 15-V parametric ratings 

@ Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


® Time-delay circuits 
® Scratch-pad memories 


® General-purpose serial shift-register 


applications 
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TERMINAL ASSIGNMENT 
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TOP VIEW 92CS- 31097 92CS- 30371 


TERMINAL ASSIGNMENT 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Veg Terminal) © 2 2 7 6 we ees 0,5 10 +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS . . . . . . = 0.5 to Vop +0.5V 
DC INPUT CURRENT, ANY ONE INPUT... . +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40to +60 C (PACKAGE TYPE E)« 2 1 «© © * & 4 ww & & @ & F 500 mW 

For Ta = +60 to +85 C (PACKAGE TYPE E)... .... ..~=Derate Linearly at 12 mW/ C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPESD,F,K) . ©. ©. ©.) ee 500 mw 

For Ty = +100 to +125°C (PACKAGE TYPES D,F,K) . . .  Derate Linearly at 12 mW/-C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . ..., 100 mW 
OPERATING-TEMPERATURE RANGE (Ty): 

PACKAGE TYPES D, F, K, H 6 2 ee eee be ew oe ee pf e)6SOR KO IZE C 

PACKAGETYPEE .. 2... ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tp) 2 5 5 sw 85 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. on aw a ee a 4265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC 


Supply-Voltage Range (For Tq = Full Package 
Temperature Range) 


Write Stage 16 
lock 
0 


X = Don’t Care Z = High Impedance 
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Fig. 1—CD4517B functional block diagram (one half). 
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Fig. 3—Dynamic test waveforms. 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E aie 


CHARAC- 
TERISTIC 
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Fig. 8—Typical propagation delay time as a 
function of load capacitance. 
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Fig. 7—Minimum p-channel output high 
(source) current characteristics. 
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Fig. 4—Typical n-channel output low (sink) 
current characteristics. 
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Fig. 5—Minimum n-channel output low (sink) 
current characteristics. 
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Fig. 6—Typical p-channel output high (source) 
current characteristics. 
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Fig. 9—Typical transition time a a function 
of load capacitance. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C; Input t,, ts=20 ns, 


C. = 50pF, Ry = 200kQ 


CHARACTERISTIC 


Propagation Delay Time: 

CL to Bit 16 Tap 
tPHL: tPLH 

3-State Output, WE to Bit 


16 Tap tpHz, tpLz: tpzH, 
tpz, (See Note) 


Output Transition Time 
'THL tTLH 


Write Enable-to-Clock 
Setup Time 


Data-to-Clock 
Setup Time, ty 


Minimum Write 
Enable-to-Clock 
Release Time 
Minimum 
Data-to-Clock 
Hold Time, ty 


Minimum Clock Pulse 
Width, tw 


Maximum Clock Input 
Frequency, fo. 


Maximum Clock Input Rise 
or Fall Time, tecy tro 


Input Capacitance Cy 


| Any Input Input 
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UNLIMITED 


NOTE: Measured at the point of 10% change in output with an output load of 50 pF, RL = 1kQto 


Vop for tpz_, tpiz ana R; = 
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Fig. 12—Quiescent-device-current test circuit. 
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Fig. 13—Input-voltage test circuit. 
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Fig. 10—Typical power dissipation as a 
function of frequency. 
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Fig. 11—Dynamic power dissipation test 
circuit and waveforms. 
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Fig. 14—Input current test circuit. 
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Dimensions and pad layout for CD4517B. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 


Dimensions in parentheses are in millimeters cleavage may vary with respect to the chip face for 


and are derived from the basic inch dimen- different chips. The actual dimensions of the isolated 
sions as_ indicated. Grid graduations are in chip, therefore, may differ slightly from the nominal 
mils (10° inch) dimensions shown. The user should consider a tolerance 


of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4518B, CD4520B Types 


CMOS Dual Up-Counters 


High-Voltage Types (20-Volt Rating) 


Features: 


® Medium-speed operation — 


CD4518B Dual BCD Up-Counter 
CD4520B Dual Binary Up-Counter 


The RCA-CD4518 Dual BCD Up-Counter 
and CD4520 Dual Binary Up-Counter each 
consist of two identical, internally synchro- 
nous 4-stage counters. The counter stages are 
D-type flip-flops having interchangeable 
CLOCK and ENABLE lines for incrementing 
on either the positive-going or negative-going 
transition. For single-unit operation the 
ENABLE input is maintained high and the 
counter advances on each positive-going 
transition of the CLOCK. The counters are 


cleared by high levels on their RESET lines. ss 
® Standardized, symmetrical output 


The counter can be cascaded in the ripple 
mode by connecting QO4 to the enable input 


of the subsequent counter while the CLOCK * 


input of the latter is held low. 


The CD4518B and CD4520B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), andin 
chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT . 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) . . 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE 


OPERATING-TEMPERATURE RANGE utah 
PACKAGE TYPES D,F,K,H, 


PACKAGE TYPEE . . 
STORAGE TEMPERATURE RANGE tad) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 0.79 mm) from case for 10 s max. 
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DRAIN-TO-SOURCE VOLTAGE (Vos)—V 
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Fig. 1 — Typical output low (sink) current 
characteristics. 
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6-MHz typical clock frequency at 10 V 
Positive- or negative-edge triggering 
Synchronous internal carry propagation 


100% tested for quiescent current at 20 V 


Maximum input current of 1 yA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 


= Noise margin(over full package-temperature 


range): 1 Vat Vpp=5V 


2V at Vpp = 10 V 
2.5 Vat Vpp = 15 V 
5-V, 10-V, and 15-V parametric ratings 


characteristics 
Meets all requirements of JEDEC Tentative 


Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


CLOCK ENABLE RESET ACTION 


: —0.5 to +20 V 
—0.5 to Vpop +0.5 V 
: +10 mA 


. 500 mW 

Derate iLinearly at 12 mw/°C to 200 mW 

500 mW 

Derate Linenrly at 12 mw/°C to 200 mw 

(All Package Types) 100 mW 
—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 
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Fig. 2 — Minimum output low (sink) current 
characteristics. 
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CD4518B, CD4520B 
FUNCTIONAL DIAGRAM 


Applications: 

@ Multistage synchronous counting 
® Multistage ripple counting 

® Frequency dividers 


TRUTH TABLE 


1 = High State 0 = Low State 
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(TOP VIEW) 
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CD4518B, CD4520B 
TERMINAL ASSIGNMENT 
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Fig. 3 — Typical output high (source) current 
characteristics. 


CD4518B, CD4520B Types 


STATIC ELECTRICAL CHARACTERISTICS cael a 
-15 -10 -5 ie} 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 


Values at —40, +25, +85 Apply to E Package 
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Fig. 4 — Minimum output high (source) current 
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Input Current 
lin Max. 


CES OS AC Ce 
feb fe T= DoE pepe 


AMBIENT TEMPERATURE (Ta)=25° 1H 
ea 


PROPAGATION DELAY TIME (toy 5 tp_pH)—ns 


easeueesssssse 
OHHH HHH Ht 4 H 
Se eEeen suse Seanasuesesessousecs 
80 10 


10 20 3 40 50 60 70 
LOAD CAPACITANCE (CL) —pF 92CS-28344 


Fig. 6 — Typical propagation delay time vs. 
load capacitance, reset to output. 
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MAXIMUM CLOCK FREQUENCY (fc, MAX) — MHz 


POWER DISSIPATION / COUNTER (Pp) — yw 
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Fig. 7 — Typical transition time vs. load Fig. 8 — Typical maximum-clock-frequency Fig. 9 — Typical power dissipation 
capacitance. vs. supply voltage. characteristics. 


CD4518B, CD4520B Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC Vop LIMITS UNITS 
(vy | Min. | Max. | 
ak 


Enable Pulse Width, tw 


Clock Pulse Width, tw 


Clock Input Frequency, fo, 


Clock Rise or Fall Time, tpCL or t¢CL: 


Reset Pulse Width, tw 


DYNAMIC ELECTRICAL CHARACTERISTICS at T,=25°C; 
Input t,,te=20 ns, C, =50 pF, Ry =200 KL2 


CHARACTERISTIC 


Propagation Delay Time, tpy,. tery: 
Clock or Enable to Output 


Reset to Output 


Transition Time, ttyt. tTLH 
Maximum Clock Input Frequency, fe, 
Minimum Clock Pulse Width, ty 


— NN) 
loo ae) 
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Minimum Reset Pulse Width tw 


Minimum Enable Pulse Width tw 


Input Capacitance, Cypy 


| Clock Rise or Fall Time, ty or t¢: 


TEST CIRCUITS 
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Yss 92C5-24S10R1 


Fig. 10 — Dynamic power dissipation. 
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Fig. 11 — Input voltage. 
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Fig. 72 — Quiescent device current test circuit. 
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Fig. 13 — Input leakage-current test 
aircuit. 
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Fig. 15 — Binary counter (CD4520B) logic diagram 
for one of two identical counters. 
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CD4518B, CD4520B Types 


CLOCK ENABLE RESET CLOCK ENABLE RESET 


A A A B 
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Fig.17 — Ripple cascading of four counters with positive edge triggering. 
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*NOTE: 
FOR SYNCHRONOUS CASCADING, THE CLOCK TRANSITION 
TIME SHOULD BE MADE LESS THAN OR EQUAL TO THE 
SUM OF THE FIXED PROPAGATION DELAY AT 15 pF AND 
THE TRANSITION TIME OF THE OUTPUT DRIVER STAGE 
FOR THE ESTIMATED CAPACITATIVE LOAD. 


Fig.18 — Synchronous cascading of four binary counters with negative edge triggering. 
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Dimensions and pad layout for CD4518BH chip. Dimensions and pad layout for CD4520BH chip. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
; oe Cleavage may vary with respect to the chip face for 
Dimensions in parentheses are in millimeters and are different chips. The actual dimensions of the isolated 
derived from the basic inch dimensions as indicated. chip, therefore, may differ slightly from the nominal 
Grid graduations are in mils (10-3 inch). dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


332 


CMOS BCD Rate 
Multiplier 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4527B is a low-power 4-bit digi- 
tal rate multiplier that provides an output- 
pulse rate which is the clock-input-pulse rate 
multiplied by 1/10 times the BCD input. For 
example, when the BCD input is 8, there will 
be 8 output pulses for every 10 input pulses. 
This device may be used to perform arith- 
metic operations (add, subtract, divide, raise 
to a power), solve algebraic and differential 
equations, generate natural logarithms and 
trigonometric functions, A/D and D/A con- 
version, and frequency division. 

For fractional multipliers with more than one 
digit, CD4527B devices may be cascaded in 
two different modes: the Add mode and the 
Multiply mode. (See Figs.12 and15).In the 
Add mode, 


Output Rate = 
+ + 
letoae Rate) | eT eT Seb? | 


0001 BCD9+ «= 


In the Multiply mode, the fraction program- 
med into the first rate multiplier is multiplied 
by the fraction programmed into the second 
one, 


ie ee oe ep oun 
10 10 100 


pulses for every 100 clock input pulses. 


The CD4527B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Applications: 

@ Numerical control 

® Instrumentation 

® Digital filtering 

@ Frequency synthesis 
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TERMINAL ASSIGNMENT 


CD4527B Types 


Features: 

® Cascadable in multiples of 4-bits 

@ Set to “9” input and “9” detect output 
= 100% test for quiescent current at 20 V en 
rT 
a 


5-V, 10-V, and 15-V parametric ratings 
Standardized, symmetrical output 


INHIBIT 
(CARRY )IN 1 


characteristics 


C 
@ Maximum input current of 1 uA at 18 V over u 
full package-temperature range; 100 nA at 1 
18 V and 25°C . R 
® Noise margin (full package-temperature i SSR renee 
range) = er 92Cs 24915R 
1VatVpp= 5V Vss‘8 


2 V at Vpp = 10 V 
2.5 V at Vpp = 15 V 
= Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices’’ 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


FUNCTIONAL DIAGRAM 


(Voltages referenced to Vgg Terminal) , —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . —0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ; +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) . + » « « * o@ &® «  SOOMmW 

For Ta = +60 to t85°C (PACKAGE TYPE E) . . Derate Linearly at 12 mW/°C to 200 mw 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mw 


For TA = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E oe a 
STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


RECOMMENDED OPERATING CONDITIONS AT Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 


Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 
Set or Clear Pulse Width, ty 


Clock Pulse Width, tw 


Clock Frequency, fcL 


Clock Rise or Fall Time, toy or teci 


Inhibit In Setup Time, tsy 


Inhibit In Removal Time, tREM 


Set Removal Time, trem 


Clear Removal Time, trey 


CD4527B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 
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Output Voltage: 
Low-Level, 
VoL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 
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92CS-24321R2 


Fig.4 — Minimum output high (source) 
current characteristics. 
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92CS- *4320R3 
Fig.3 -- Typical output high (source) 
current characteristics. 
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LOAD CAPACITANCE (C_)— pF 
92CS-29154 


0 20 #40 #60 80 100 
LOAD CAPACITANCE (C.)— pF 


Fig.7 — Typical transition time as a function of 
load capacitance. 


92CS-24322 


Fig.6 — Typical propagation delay time as a 
function of load capacitance (Clock 
or Strobe to Out). 
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AMBIENT TEMPERATURE (TA)= 25°C pescscecseecsseccssces 
H 


GATE-TO-SOURCE VOLTAGE (Vgs)#15 V +4 
> HH eo 
ee 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
9205 -243518R4 


Fig.1 — Typical output low (sink) 
current characteristics. 
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OUTPUT LOW (SINK) CURRENT (Io) —mA 
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Fig.2 — Minimum output low (sink) 
current characteristics. 
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INPUT bees (fy) — kHz 
92CS - 29155 
Fig.5 — Typical dynamic power dissipation as a 
function of input frequency. 


INPUTS 

Yoo NOTE: 

MEASURE INPUTS 

SEQUENTIALLY, 

ss TO BOTH Vpp AND Vss; 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yop OF 'Vss- 


Vss 


92CS-27402 


Fig.8 — Input current test circuit. 


CD4527B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C: Voo 
Input t,,t¢ = 20 ns, Cy = 50 pF, R; = 200 k&Q2 — coe 
Vv 

TEST CONDITIONS LIMIT . ‘ 

CHARACTERISTIC UNITS Vin : 
NOTE: 
Propagation Delay Time, tPHL. tPLH “ae OF INPUTS 

Clock to Out 92CS-27441RI 


Fig.9 — Input voltage test circuit. 
Clock or Strobe to Out 


Clock to Inhibit Out 
High Level to Low Level 


Low Level to High Level 


Clear to Out 


Clock to ‘‘9’’ or ‘15’ Out L | 


92CS- 27401RI 


Fig.10 — Quiescent device current test circuit. 


Cascade to Out 


Inhibit In to Inhibit Out 


Set to Out 


Transition Time, try _. tTLH 


92CS-29157 


Maximum Clock Frequency, feL Fig.11 — Dynamic power dissipation test circuit. 


165 | 330 APPLICATIONS 
Minimum Clock Pulse Width, tw 85 170 
50 100 
MOST SIGNIFICANT LEAST SIGNIFICANT 
5 DIGIT DIGIT 
Clock Rise or Fall Time, tro, trot 10 pif ef 
15 
5 80 160 
Minimum Set or Clear Pulse Width, tw 10 45 90 
15 30 60 


Minimum Inhibit In Setup Time, tsy 


Minimum Inhibit In Removal Time, 
TREM 
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CLOCK 
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Minimum Set Removal Time, trey 40 80 on 
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TIMING DIAGRAM SHOWING ONE OF FOUR OUTPUT 
PULSES CONTRIBUTED BY ORM @ TO OUTPUT FOR 
EVERY 100 CLOCK PULSES IN FOR PRESET No.94. 


92CS-24917RI 


Fig.12 — Two CD4527B's cascaded in the “Add” 
mode with a preset number 
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CD4527B Types 


* * 
STROBE CASCADE 


*"O >_> io §6=9Onr 
*8© >—> 
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Yoo 


Vop* PIN 16 
Vss* PIN 8 


* ALL INPUTS PROTECTED 
BY COS/MOS 
PROTECTION CIRCUIT. 
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Fig.13 — Logic diagram. 
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Dimensions and Pad Layout for CD4527BH 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 

-—3 mils to +16 mils applicable to the nominal 
dimensions shown. 


92CS-32874 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils ( 10-3 inch). 


0o:123456786e901234 


OUTPUT (PIN 6) 
A ENABLED 
8 ENABLED | | | | | 
C ENABLED f] [| f] f] f] f 
OUPUT (PIN6) f] | | 
(PRESET No. OF 1!) 
(PRESET No. OF 2) | | | | | | 


(PRESET No. OF 3) [] /] A! fn f 
(PRESET No. OF 4) f] f] f] i] f] ] 


(PRESET No. OF 5) f Wy f f] [] f] 


(PRESET No. OF 6) UL] AL LAL] 


(PRESET No. OF 7) UL A] LL] 


(PRESET No. OF 9) LULU A 


| 92cm-20915 


Fig.14 — Timing diagram (See Logic Diagram). 
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Fig.15 — Two CD4527B’s cascaded in the 
“Multiply’’ mode with a preset number 


4 
f 
of 36 (To *70- - a). 
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CD4527B Types 


TRUTH TABLE 


OUTPUTS 


Number of Pulses or 
Output Logic Level 
(L = Low; H = High) 


OUT | OUT INH | “9” 
OUT|OUT 


INPUTS 


Number of Pulses or 
Input Logic Level 
(0 = Low; 1 = High; X = Don't Care) 


7) 
4 
aD 


Le 
| © | 
MS 
O 
A 


oO 


babane sokaiall clatia a deed 
ee ee eee 

2) 

ooo o;joocoo!t;joooojrfoo0oc9$jo > 

n 

2) 

o-- oooo;roooco;oooo;|;coccecco!]+r 

pe) 

2) 

penens tease tf. 

=~ 


oo o oj2222?/000 


a sooelenoe|venefen ae) 
ODN Di DOMHDAIYNHRA MT aAlWN TF 


X |X| X : t 
X |X] X H 1 
X| XX ° 1 
X |X| X 10 H L 
X|X|X L H L 
XIX] XX L L H 


* Output same as the first 16 lines of this truth table (depending on values of A, B, C, D). 

t Depends on internal state of counter. 

#Clear and Set Inputs should not be high at the same time; device draws increased quies- 
cent current when in this non-valid state. 


337 


CD4532B Types 


CMOS 8-Bit Priority 
Encoder 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4532B consists of combination- 
al logic that encodes the highest priority 
input (D7-DO) to a 3-bit binary code. The 
eight inputs, D7 through DO, each have an 
assigned priority; D7 is the highest priority 
and DO is the lowest. The priority encoder is 
inhibited when the chip-enable input E; is 
low. When E, is high, the binary representa- 
tion of the highest-priority input appears on 
output lines Q2-Q0, and the group select 
line GS is high to indicate that priority inputs 
are present. The enable-out (EQ) is high 
when no priority inputs are present. If any 
one input is high, Eo is low and all cascaded 
lower-order stages are disabled. 


The CD4532B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 
® Converts from 1 of 8 to binary 


® Provides cascading feature to handle any number of inputs 
® Group select indicates one or more priority inputs 
@ Standardized, symmetrical output characteristics 


® 100% tested for quiescent current at 20 V 
® Maximum input current of 1 uA at 18 V 


over full package temperature range; 
100 nA at 18 V and 25°C 


® Noise margin (full package-temperature 
range): 
1VatVpp=5V 
2V at Vpp = 10 V 
2.5 V at Vpp = 15 V 
= 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘’Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


Applications: 


@ Priority encoder 
® Binary or BCD encoder (keyboard encoding) 
® Floating point arithmetic 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vsg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
+100 to +125°C (PACKAGE TYPES D, F, K) 


For TA = 


: —0.5 to +20 V 
—0.5 to Vpp +0.5 V 
+10 mA 


; 500 mW 
Derate Cinwatiy at t12 mWw/°C to 200 mw 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 


OPERATING-TEMPERATURE RANGE Tae 
PACKAGE TYPES D, F, K, H oe & 
PACKAGE TYPE E ; 

STORAGE TEMPERATURE RANGE i ) 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


AMBIENT TEMPERATURE (Ta)= 25 °Ci+4+4 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


Fig. 1 — Typical output low (sink) current 
characteristics. 
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F 500 mW 
erate Lineariy at 12 mw/°C to 200 mw 


100 mW 


—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


AMBIENT TEMPERATURE (Ta) 25°C + thy 
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ORAIN- TO- eouare VOLTAGE (Vps)—V 


9205 2481 9R: 


Fig. 2 — Minimum output low (sink) current 
characteristics. 
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PRIORITY 
SELECT 
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FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always 
within the following ranges. 

| Units| 


Characteristic | Min. | Max. 


seriall nw 
3 


Range (for T a= 


Full Package 
Temp. Range) 


04 1e Yop 
D5 2 Eo 
06 3 GS 
D7 4 D3 
ET 5 D2 
Q2 6 DI 
QI 7 DO 
Vss 8 Qo 


(TOP VIEW) 


92CS-24596RI 
TERMINAL ASSIGNMENT 
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Fig. 3 — Typical output high eek current 
characteristics. 


CD4532B Types 


ww — (HOT) LN3MYND (3DYNOS) HOH ANdLNO 
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v 
92C9-243521R2 
Fig. 4 — Minimum output high (source) current 
(CL)= 50 pF 
92CS — 26362 
Fig. 5 — Typical propagation delay (Dn to Qm) 
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LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 


Values at —40, +25, +85 Apply to E naese 


CONDITIONS 
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STATIC ELECTRICAL CHARACTERISTICS 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T 


Input t,,te= 20 ns, Ry =200 KL2 


su—(H1d4' IHdy) Sil AV130 NOILVO¥dOUd 


TEST CONDITIONS 
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Fig. 6 — Typical propagation delay (E; to GS, E; to Eg) 


vs. load capacitance. 
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Fig. 7 — Typical propagation delay (Dn to Qm) 
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CD4532B Types 
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Fig.9 — Typical transition time vs. 
load capacitance. 
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Fig. 10 — Typical dynamic power dissipation 


Vop 92CL-26361R! vs. frequency. 

* Yoo 

ALL INPUTS PROTECTED BY 

COS/MOS PROTECTION NETWORK 

Vss INPUT 
FREQUENCY 
Fig. 8 — CD4532 logic diagram. (t,, ty# 20 m8) 
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Fig.11 — Dynamic power dissipation 
test circuit. 
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X = Don't Care Logic 1 = High Logic 0 = Low 


Fig. 12 — Quiescent device current test circuit. 
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Voo 
INPUTS OUTPUTS 
Vi 
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Vi“ + 
NOTE: 
TEST ANY ONE INPUT, 
Vss 


WITH OTHER INPUTS AT 
Voo OR Vss- 


92CS- 27400R! 


Fig. 13 — Input voltage test circuit. 
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Fig. 14 — Input current test circuit. 
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Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD4532BH. 
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Fig.15 — 16-level priority encoder. 
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Fig.16 — O0-to-9 keyboard encoder. 
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CD4536B Types 


CMOS Programmable Timer 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4536B is a programmable timer 
consisting of 24 ripple-binary counter stages. 
The salient feature of this device is its 
flexibility. The device can count from 1 to 
27* or the first 8 stages can be bypassed to 
allow an output, selectable by a 4-bit code, 
from any one of the remaining 16 stages. It 
can be driven by an external clock or an RC 
oscillator that can be constructed using on- 
chip components. Input IN1 serves as either 
the external clock input or the input to the 
on-chip RC oscillator. OUT1 and OUT2 are 
connection terminals for the external RC 
components. In addition, an on-chip mono- 
stable circuit is provided to allow a vari- 
able pulse width output. Various timing 
functions can be achieved using combi- 
nations of these capabilities. 


A logic 1 on the 8-BYPASS input enables a 
bypass of the first 8 stages and makes stage 9 
the first counter stage of the last 16 stages. 
Selection of 1 of 16 outputs is accomplished 
by the decoder and the BCD inputs A, B, C 
and D. MONO IN is the timing input for the 
on-chip monostable oscillator. Grounding of 
the MONO IN terminal through a resistor of 
10K ohms or higher, disables the one-shot 
circuit and connects the decoder directly to 
the DECODE OUT terminal. A resistor to 
Vpp and a capacitor to ground from the 
MONO IN terminal enables the one-shot cir- 
cuit and controls its pulse width. 


A fast test mode is enabled by a logic 1 on 
8-BYPASS, SET, and RESET. This mode 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vsg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to 60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 

For Tp = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 


OPERATING-TEMPERATURE RANGE (Ta): 


PAGRAGE TYPES DU, FB «6 ssw « wm ww 
PAGRAGE TYPES « 2.5 6b te me ew ees oe ws 


STORAGE TEMPERATURE RANGE (Tejg) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


eb eda Meade tock e cee ba 500 mW 


bm eB Dw RR A A Owe ge -55 to +125°C 
sb we ee Se Re ee Se 8 -40 to +85°C 


Features: 


® 24 flip-flop stages —— counts from 2° to 274 

™ Last 16 stages selectable by BCD select code 

® Bypass input allows bypassing first 8 stages 

® On-chip RC oscillator provision 

® Clock inhibit input 

® Schmitt-trigger in clock line permits operation with very 
long rise and fall times 

® On-chip monostable output provision 

# Typical fo, = 3 MHz at Vpp = 10 V 

®@ Test mode allows fast test sequence 

@ Set and reset inputs 

® Capable of driving two low power TTL 
loads, one lower-power Schottky load, or 
two HTL loads over the rated temperature 


- 
aah 

w 
<4 
Zu 
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FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 


range : eer ; : 
: ; ; For maximum reliability, nominal operating 
® Standardized, symmetrical output charac- eu. ; 
sevistics conditions should be selected so that operation 


® 100% tested for quiescent current at 20 V eS vines COTO SOWING Feniger 


#5-V, 10-V, and 15-V parametric ratings 

@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘‘Standard Specifi- 
cations for Description of ‘B’ Series 
CMOS Devices” 


CHARACTERISTIC 


Supply-Voltage Range 
(For Ty, = Full 
Package Temperature 
Range) 


divides the 24-stage counter into three 8-stage 
sections to facilitate a fast test sequence. 


The CD4536B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


DECODE OUT SELECTION TABLE 


NUMBER OF STAGES IN 
DIVIDER CHAIN 


8-BYPASS = 0|8-BYPASS = 1 


0/0 

0/0 

0/0 

0/0 

0 5 
—0.5 to +20 V 0 6 
-0.5 to Vpp +0.5 V 0 7 
: 410 mA 0 8 

500 mW 


> = 
on 


Derate Linearly at 12 mW/°C to 200 mW 


0 
0 
0 
0 


100 mW 


—65 to +150°C 


+265°C 0 = Low Level 1 = High Level 
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LIMITS AT INDICATED TEMPERATURES (° 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


paore | 3 | eet 


F,K,H Package 


alues at Toe +25, +85 Apply to E Package 


Values at -55, +25, +125 Apply to D, 


yw —(HOT)IN3YYND (3DNOS) HOIH 1NdLNO 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


LTAGE (Vgs)*-5V 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


characteristics. 


characteristics. 
DRAIN- TO-SOURCE VOLTAGE (Vps)—V 


Fig. 2—Typical output low (sink) current 
Fig. 3—Minimum output low (sink) current 
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Fig. 4—Typical output high (source) current 


characteristics. 
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Fig. 5—Minimum output high (source) current 


Fig. 1 — Functional block diagram. 


characteristics. 
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¢ 
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©, E 

INPUTS PROTECTED BY COS/MOS “ 
PROTECTION NETWORK F 
Vood 
; Ral joka Ts Q 
Fg s 
cL @e4cr Q —-—-—- 
FFI FF2 FF3 FF8 
Vss 
CL 4 
e 
* 
OSC INH (14) 5 D-O 
* 
== === @—}—o-f >_> > 
R 
S 
f= our | (4) om 
Ry 
—— — —ouTe2 (5) le 
92CL-31725 
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Fig.6 - Logic diagram for CD4536B [continued on next page]. 


344 


moe 


CD4536B Types 


DETAIL FOR 


FF3-6, 11-16,17-24 Voo 


CLEN(CLojs FOR FF9 ANDFF 25) DETAIL FOR 
FFI, FF2,FFIO,FF9, FF25 


i R R R 
Choe CLpjs@ 
+e @ Q CL @Q CL 3 


a: Si.) ea a eee ae FFI FF2, 10 FF9 
FF25 
>. 1°EFI:AS SHOWN EXCEPT Q NOT BROUGHT OUT 
- FF9:SAME AS FFI EXCEPT Q IS BROUGHT OUT AND Q, 8 GO TO 
tae TGt AND TGe RESP. 


ADDED INPUTS 5, FEED Q TO TGf,Vog TO TGe 
PREVIOUS Q INPUT, DELETE @ OUTPUT. 


FF2: FFIO: DELETE TGe,TGf, AND INV#, FEED G TOD; 
DELETE CLEN,CLpIS 
‘ FF25:INVa AND INVd BECOME 2-INPUT NAND GATES, WITH 


KAAA 
AAAA 


OMCMOMCE © 


A 8 Cc 0 92CL-31725RI 


Fig.6 - Logic diagram for CD4536B [continued from previous page]. 
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DYNAMIC ELECTRICAL CHARACTERISTICS, at T, = 25°C, Input t,, ts=20 ns, 
Cy = 50pF, R) = 200 kQ 


CHARACTERISTIC pis 


Propagation Delay Times: 5 
Clock to Q1, 8-Bypass High 10 0.5 
tpHL tPLH 15 0.35 
Clock to Q1, 8-Bypass Low 5 


tPHL tPLH 


Clock to Q16, 


TPHL tPLH 


Qn to Qn +1, 


tPHL tPLH 


Set to Q,, 


tPLH 


Reset to Q,, tPpHL 


Transition Time, tTHL tTLH 


Minimum Pulse Widths: 
Clock 


Minimum Set Recovery Time, 


Minimum Reset Recovery Time, 


Maximum Clock Pulse Input 
Frequency, foL 


Maximum Clock Pulse Input 
Rise or Fall Time, tr, te 


VoD 

MONO IN 
OSC INHIBIT 
DECODE OUT 
D 


c | BINARY 
g { SELECT 
A 


TOP VIEW 
Terminal Assignment 


92CS- 31716 


2] AMBIENT TEMPERATURE (T,)=25°C [1 
ae 


PROPAGATION DELAY TIME (toy) .tpy)—HS 


LOAD CAPACITANCE (C,)—pF 
92CS-32768 


Fig. 7—Typical propagation delay time as a function 
of load capacitance (CLOCK to Q,, 
8-BYPASS high). 


n uw 


PROPAGATION DELAY TIME (tpn, tpLH) —ps 


LOAD CAPACITANCE (C, )— pF 
92CS-32769 


Fig. 8— Typical propagation delay time as a function 
of load capacitance (CLOCK to Q,, 
8-BYPASS low). 
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LOAD CAPACITANCE (C,)— pF 
92CS-32770 


Fig. 9—Typical propagation delay time as a 
function of load capacitance (CLOCK 
to Qy6, 8-BYPASS high). 
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a 
eye) a 


iseee (nesses 


PROPAGATION DELAY TIME (toy .tp_y)—HS 


LOAD CAPACITANCE (C.)— pF ee 
Fig. 10—Typical propagation delay time as a 
function of load capacitance (Qn, to 


Qn +1): 


“se ko HHH 


FREQUENCY DEVIATION (Af) —% 


AMBIENT TEMPERATURE (Ta) — °C 92CS- 32774 
Fig. 13—Typical RC oscillator frequency devia- 
tion as a function of ambient temper- 


ature (Ro = OQ). 


Nn 


PULSE WIDTH —yus 


JE 


2 
| 10 


EXTERNAL CAPACITANCE (Cx)— pF  92c5-32777 


Fig. 16—Typica! pulse width as a function of 
external capacitance (VoD = 10 V). 
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92Cs- 32778 
Fig. 17—Typical pulse width as a function of 
external capacitance (Vpp = 15 V). 


AMBIENT TEMPERATURE (Ta) = 25°C 

EXTERNAL RESISTANCE (Re) = 56k2 

50] EXTERNAL CAPACITANCE (Cy) = 1000 pF 
To oo ae 
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FREQUENCY DEVIATION (Af) —% 
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DOO 
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SUPPLY VOLTAGE (Vpp) — V 92CS-32772 
Fig. 11—Typical RC oscillator frequency de- 
viation as a function of supply 
voltage. 
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AMBIENT TEMPERATURE (Ta) — °C 92CS-32775 


Fig. 14—Typical RC oscillator frequency devia- 
tion as a function of ambient 
temperature (Rg = 120 kQ). 
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AMBIENT TEMPERATURE (Ta) = 25° 
SUPPLY VOLTAGE (Vpp)=10 V 
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EXTERNAL CAPACITANCE (Cy) — pF 
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EXTERNAL RESISTANCE (Ry,)—-k& 


92CS-32773 

Fig. 12—Typical RC oscillator frequency devia- 
tion as a function of time constant 
resistance and Capacitance. 
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PULSE WIDTH — us 
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2 468 2 468.2 468 2.468 ,2 4 68 
| 10 10° 10 10 10 
EXTERNAL CAPACITANCE (Cy)-pF  92CS- 32776 


Fig. 15—Typical pulse width as a function of 
external capacitance (Vpp = 5 V). 


Functional Test Sequence 


joys | commana 


Decode Out 
Reset 8-Bypass | Qi thru Q24 


a a a 
| 
a ae 1 
a aaa 


FUNCTIONAL TEST SEQUENCE 


Test Function (Figure 23) has been in- 
cluded for the reduction of test time re- 
quired to exercise all 24 counter stages. 
This test function divides the counter into 
three 8-stage sections and 255 counts are 


255 ‘‘1” to ‘‘0” transitions are clocked in 
the counter 


4 
1 
1 


All 24 steps are in Reset mode 


Counter is in three 8&stage section in 
parallel mode 
First ‘‘1” to “O” transition of clock 


The 255 “1” to “0” transition 

Counter converted back to 24 stages in 
series mode 

Set and Reset must be connected 
together and simultaneously go from “1” 
to “0” 

In4 Switches to a “1” 


Counter Ripples from an all ‘1” state to 
an ail ‘‘0” state 


loaded in each of the 8-stage sections in 
parallel. All flip-flops are now at a ‘‘1”. 
The counter is now returned to the normal 
24-steps in series configuration. One 
more pulse is entered into Inq which will 
cause the counter to ripple from an all “1” 
state to an all “0” state. 
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PULSE 
GENERATOR 
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LOAD CAPACITANCE (C.)— pF 


92CS- 24322 


Fig. 18—Typical transition time as a function 
of load capacitance. 


92CS-32785 


Fig. 20—Dynamic power dissipation test cir- 


cuit and waveform. 
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PULSE INPUT FREQUENCY (kHz) — g2cs- 32779 seuuaehe 


19 —Typical dynamic power dissipation as a 


function of input pulse frequency. Fig. 21—Switching time test circuit. 


TRUTH TABLE 


Advance 
to Next 


Advance 
to Next 
State 


0 = Low Level 1 = High Level X = Don't Care 


'TLH 'THL _ 
92CS-32782 


Fig. 22—Input waveforms for switching-time 
test circuit. 


O 
2) 


PULSE 
GENERATOR | Lo 


Fig. 23—Functional test circuit. 


DD 


INPUTS 
NOTE: 
MEASURE iNPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vo AND Vsg: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vop OR Vss° 
Vss 92CS-274902 


Fig. 24--Input-current test circuit. 


Voo 


INPUTS OUTPUTS 


ae ba 
Vin. : 


NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 


92CS-27441RI 


Fig. 25—-Input-voltage test circuit. 


Yoo 


92cS-2740IRI 
"SS 
Fig. 26—Quiescent-device current test circuit. 
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APPLICATIONS 


Yoo Voo 


OUT | OUT | 


OUT 2 | | SET 
UT 
sii RESET OUT 2 


START 8- BYPASS 
C INH 
co (al al MONO-IN 
1 OSC INH re | | 
IN! -o| : = 


92CS-31726 
= rT ae 
Fig. 27—Time interval configuration using Fig. 28—Time interval configuration using ex- Rg 2 2Rte 
external clock; set and clock inhibit ternal clock; reset and output mono- f IN Hz, 
; j : R IN OHMS 
functions. stable to achieve a pulse output C IN FARADS 
92CS- 31728RI 
Fig. 29—Time interval configuration using on- 
chip RC oscillator and reset input to initiate 
time interval. 
OUT | - 328 min 
R 
CD4536B 
CLOCK 
DCBA 
0000f+ 2) 
OOOK+4) 
0010(+8) 
PL note: 
SHADED PULSE REPRESENTS DECODE OUTPUT 
IN MONOSTABLE MODE. IF AN OUTPUT PULSE 
IS REQUIRED | FULL—COUNT—DOWN AFTER 
REMOVAL OF RESET PULSE,SEE FIG. 31 FOR 
USE OF CD4098B. 
92CS-32783 
Fig.31 —CD4536B Timing Diagram. 
Q 
OUTPUT 
CD4098B 92CS-32784 
Fig.30 — Application showing use of 122 
CD4098B and CD4536B to get oa 10 | 
decode pulse 8 clock pulses 100 Sse ANE AAO 


after Reset pulse. 


| 


Se i i i| 
Bie) teens al 


puss 


60 
Dimensions and pad layout for CD4536BH. : = 
1 eee 101-109 
3 LTRS THT 2.566- 2.768) 
40 eC 
Dimensions in parentheses are in millimeters SS 
and are derived from the basic inch dimen- ih fe) 
sions as indicated. Grid graduations are in ! | HY ih 
mils (10° inch). 20 Sa ae jf. 
The photographs and dimensions of each CMOS chip : i ee a = 
represent a chip when it is part of the wafer. When the = Vets a |= A 
wafer is separated into individual chips, the angle of 4 a ee 
cleavage may vary with respect to the chip face for o— 
different chips. The actual dimensions of the isolated ba—— 4 -10 
chip, therefore, may differ slightly from the nominal! (0.102-0.254) 119-127 
dimensions shown. The user should consider a tolerance (3.023-3.225) 
of —3 mils to +16 mils applicable to the nominal sacueeenver 


dimensions shown. 
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CMOS Dual Precision 
Monostable Multivibrator 
High-Voltage Types (20-Volt Rating) 


Features: 

= Retriggerable/resettable capability 

# Trigger and reset propagation delays 
independent of Rx, Cx 

8 Triggering from leading or trailing edge 

= Q and Q buffered outputs available 

= Separate resets 

# Wide range of output-pulse widths 

# Schmitt trigger input allows unlimited 
rise and fall times on +TR and —TR inputs 


The RCA-CD4538B dual precision monostable multivibrator 
provides stable retriggerable/resettable one-shot operation 
for any fixed-voltage timing application. 


An external resistor (Rx) and an external capacitor (Cx) 
control the timing and accuracy for the circuit. Adjustment 
of Rx and Cx provides a wide range of output pulse widths 
from the Q and Q terminals. The time delay from trigger 
input to output transition (trigger propagation delay) and 
the time delay from reset input to output transition (reset 
propagation delay) are independent of Rx and Cx. Precision 
control of output pulse widths is achieved through linear 
CMOS techniques. 


Leading-edge-triggering (+TR) and trailing-edge-triggering 
(-TR) inputs are provided for triggering from either edge of 
an input pulse. An unused +TR input should be tied to Vss. 
An unused -TR input should be tied to Vop. A RESET (on 
low level) is provided for immediate termination of the 
output pulse or to prevent output pulses when power is 
turned on. An unused RESET input should be tied to Vop. 
However, if an entire section of the CD4538B is not used, its 
inputs must be tied to either Vop or Vss. See Table I. 


In normal operation the circuit retriggers (extends the 
output pulse one period) on the application of each new 
trigger pulse. For operation in the non-retriggerable mode, 
Q is connected to -TR when leading-edge triggering (+TR) 
is used or Q is connected to +TR when trailing-edge 
triggering (-TR) is used. The time period (T) for this 
multivibrator can be calculated by: T=RxCx. 


The minimum value of external resistance, Rx, is 4KQ. The 
maximum and minimum values of external capacitance, Cx, 
are 100 wF and 5000 pF, respectively. 


The CD4538B types are supplied in 16-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 16-lead dual- 
in-line plastic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H suffix). 


The CD4538B is similar to type MC 14538 and is pin-for-pin 
compatible with the CD4098B. 


92CS- 24253R1 


CD4538B 
Functional Diagram 


100% tested for maximum quiescent 
current at 20 V 


= Maximum input current of 1 pA at 


18 V over full package-temperature 
range; 100 nA at 18 V and 25°C 


# Noise margin (full package-temperature 


range): 1 V at Vop=5 V 
2 Vat Vop=10 V 


2.5 V at Voo=15 V 


ws 5-V, 10-V, and 15-V parametric ratings 
# Standardized, symmetrical output 


characteristics 


= Meets all requirements of JEDEC 


Tentative Standard No. 13B, “Standard 
Specifications for Description of 
‘B’ Series CMOS Devices.” 


Applications: 
# Pulse delay and timing 
# Pulse shaping 


Ry Cy (1) 2 Cx2 
RESET (1) 3 Ry Cy (2) 
+TR (1) 4 RESET (2) 
-TR (1) 5 +TR (2) 
Ql 6 — TR (2) 
oT 7 Q2 
vss — 8 Q2 


TOP VIEW 


TERMINALS 1,8,15 ARE 
ELECTRICALLY CONNECTED 
INTERNALLY 

92CS-24848RI 


Terminal Assignment 


CD4538B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vopp) 


(Voltages referenced to Veo Terminal) co... cccwesiahwesiveeaneneedeeras eens dead da cedssaend ede eos en OREN EN TES AW Rea ee’s -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS weccs ce do aeceed 60d eed 56s saw eho andseReee saRs Here Oe CERO Ree R a Ts be Ce eR KOE -0.5 to Von +0.5 V 
DG INPUT CURAENT.ANY ONE INGUD oc5 cocadenccase 5095 Se Rhian woe Fekete ates OE es Wwe S58 eR saw EEE SS 94SEC SESE TES SORE 2898 +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta®-40 16 460°C (PACKAGE TYPE ©) cousin ues onwewws Hida iewae dh Sede 645404600 00.0e 4b 650555 E ROR ES HERE HO We R Rees OeNOESE 500 mW 

For Ta F600 16 765° © (PACKAGE TYPE) s ccansus casposwntaseiceedesnaed oon be ckGdde Kee naes Derate Linearly at 12 mW/°C to 200 mW 

FOC [e255 16 F100" C IPACKAGE TYPES UFR) sisrenwterdedas cance eesai tse enews ce Wises ons S08S" AO Sh Ee Pee etree Sagee dé 500 mW 

For [a="100 lo 4125" C (PACKAGE TYPES DF) avevinesckdessescautad eacotaeieanig ne eewexs Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Type@S) .......... cc cece e cece erence etree cece esse eeeessenens 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES DEI cs:bctnnnnsc cab enon Ho 0dsKe Keone HWSO RT ERTAE MERDEN OED DOR IRS COCR ENTERED dECR TED CND S089 TESRs -55 to +125°C 

PACKAGE TYREE. «ts coswaere cdhwsdeatanewl eet wees as cameo ie reeks 4e ae bode oe 90 wE5 04964459 01060 ba Mla eReE Red eowd awe -40 to +85°C 
STORAGE TEMPERATURE RANGE (Veg) wis dccccae cede aeancensctmiccn dascaventena sop Kesh bods 5006 5885 Rb e dee eee CO Oes -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 = 1/32 tn: (1.59 = 0:79 Mim) from CaSE TOV TOS MAN. iis kein ec dv dwews os 5 padew ness os $)0b66se0oesel enete cee +265° C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operating is always within the following ranges: 


LIMITS 


CHARACTERISTIC 


Supply-Voltage Range (For Ta=Full Package-Temperature Range) pf 8 | 
Input Pulse Width two, twr 5 140 
+TR, -TR, or RESET 10 80 
15 60 


TABLE | 
CD4538B FUNCTIONAL TERMINAL CONNECTIONS 


Vop TO Vss TO INPUT PULSE OTHER 
FUNCTIION TERM. NO. TERM. NO. TO TERM. NO. CONNECTIONS 
Leading-Edge Trigger/ 3, 5 11.13 42 
Retriggerable 
Leading-Edge Trigger/ 


Trailing-Edge Trigger/ 
Retriggerable 


Trailing-Edge Trigger/ 3 13 
Non-Retriggerable 


NOTES: 


INPUT PULSE TRAIN _| u U LU L 
1. A RETRIGGERABLE ONE-SHOT MULTIVIBRATOR HAS AN | 1 | 
OUTPUT PULSE WIDTH WHICH IS EXTENDED ONE FULL 


RETRIGGERABLE MODE PULSE 
TIME PERIOD (T) AFTER APPLICATION OF THE LAST 


WIDTH (+TR MODE) 
TRIGGER PULSE. | | 
NON-RETRIGGERABLE MODE 
2. A NON—RETRIGGERABLE ONE-SHOT MULTIVIBRATOR PULSE WIDTH gee eee! 
HAS A TIME PERIOD (T) REFERENCED FROM THE APPLI- (+TR MODE) 


CATION OF THE FIRST TRIGGER PULSE. scecenie 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CHARACTERISTIC CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H. Pkgs. UNITS 
}conemons Values at -40, +25, +85 Apply to E Pkgs. 
+25 
tL LS [oe [ow | as | os | am | i [ 
PF -— | o5 | 5 | 


Quiescent Device [=P oreo io} af 00 af oo ’ 

Current, loo Max [=~ [ots | 152020 [600 | 600 [= [008 [20] 

[=~ [0.20 [ “20 [100] 100 | 3000 _[ 3000 |= [0.08 | too 

Output tow sina) «| 04 [8 [8 [oes [ost [ow oss [ost [+f — 
05 ) . 


palicnleabaa cispors [asp az [ap ep oe ae af 
46 [ 0s [8 [064 |-o6r | -042 [0.6 |-o57 [1 [=| ma 
OutputHigh (Source) [28 [0s [5 [2 [18 | -13 |-115 [16 [32 [= 
Current, lon Min. LS 
0 a Ce 
ee 


Output Voltage: ee 
bewelavel Vac Max, p= [010 | to PS = 008 


[= fos | 5 4.95 (495 | 5 | — 
a iin = [010 [ 10 | oO |=} * 
: [= ors [15 14.95 | 15 | — | 
input baw Ustieas 0645; — | 5 | 5 a | 
Vi. Max : 49 | — | 10 _o tf — fa. 
: 75,135; — | 15 p= T=], 
vegan oa oe SSS] 
ial ae Ss en ae a 
Input Current, ry +0.1 
lin Max. 
Voo Voo 
} —— 
, Po 
Ry 2 
; 
\ 6(10) 
! = ( ) 
eb |} Fe lpr 
a il a 79) 
a! ee a a O 
2. 
oR == }} 
+TRO > 
| 
5(11) QR OR 
-TRO > > as RESET LATCH R 
3(13) 92CM- 32815 


RESET © 


Fig. 1 - Logic diagram (2 of device shown). 
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25° C; Input t,,t=20 ns, C_=50 pF 


DYNAMIC ELECTRICAL CHARACTERISTICS, At Ta 


UNITS 


LIMITS 


TEST CONDITIONS 


CHARACTERISTIC 


200 


100 
50 
40 

300 
150 


Transition Time 


00 
80 
600 
300 
220 


1 


Propagation Delay Time: 
+TR or-TRto QorQ 


ns 


100 


Reset to QorQ 


x 
~ 
= 
= 
® 
Bt 
=) 
oO 
~ 
S 
Q 
= 
3 
5S 
= 
= 
= 


D 
n 
® 
oc 
hh 
fo) 
oc 
fe 
| 
faa 
ad 
+ 


60.6 64.5 


57 


-QorQ: 
10 KQ* 


Output Pulse Width 


58.9 63.0 


55 
55 


0.005 uF, Rx 


Cx 


63.5 


59.1 


4 


9 
9.4 


100 KQ 


Cx=0.1 pr, Rx 


10.6 ms 


9.95 
10.00 


10.6 


9.5 
0. 


5 


100 KQ 


Cx 


1.06 
1.07 


1.00 


1.01 


0.95 
0.96 


100 (T1-Ta2) 


Pulse Width Match between 


circuits in same package: 


Cx 
Minimum Retrigger Time 


=100 KQ 


0.1 uF, Rx 


a 


Input ee eT a 


An 


Cin 


Input Capacitance 


5000 pF. 


=4 KQ, minimum Cx value= 


“Note: Minimum Rx value 


eeaseces 
seeceusess 
GATE-TO-SO! 
Ti herrr sty 
S-anaeese 
seaneses 


AMBIENT TEMPERATURE (Ta)=2 


-aean 
28688) 


: 
: 
< 
rf 
é 
‘@ 
4 
» 
w 
3 
< 


Om 
ww — (97) LN3uUND (MNIS) MOT LNdLNO 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CS -24319R1 


92CS-24318R3 


Fig. 3 - Minimum output low (sink) current characteristics. 


Fig. 2 - Typical output low (sink) current characteristics. 
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DRAIN- TO-SOURCE VOLTAGE (Vps)—V DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
-15 -10 -5 O -15 ~10 -5 0 


AMBIENT TEMPERATURE (Ta)= 25°C age 


AMBIENT TEMPERATURE (Ta)#25°C Sanseeeeueceua 
BRERERRe HH 
ryt GATE -TO-SOURCE VOLTAGE ita =< 

GSaa8a8 


oO 
OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 
OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


92CS - 24320R3 92CS-24321R2 


Fig. 4 - Typical output high (source) current characteristics. Fig. 5 - Minimum output high (source) current characteristics. 


PROPAGATION DELAY TIME (tpi .t ppy)—ns 
PROPAGATION DELAY TIME (toii.tp, 4-8 


0 20 40 60 80 100 20 40 60 80 100 
LOAD CAPACITANCE (C_) pF LOAD CAPACITANCE (CL) pF 
92CS-35936 92CS- 35938 
Fig. 6 - Typical propagation delay time as a function of load Fig. 7 - Typical propagation delay time as a function of load 
capacitance (+TR or —TR to Q or Q). capacitance (RESET to Q or Q). 


| AMBIENT TEMPERATURE (Ta)=25°C HHH 


Cy =0.1 pF 
Rx =100 KQ : 
JAMBIENT TEMPERATURE (Tag )= 25°C 


5 


-3 


TRANSITION TIME (ttTHL»tTLH)—As 


PULSE WIDTH VARIATION - PER CENT 
NORMALIZED TO Vpp=!0 V 


Oo 20 40 60 80 100 3 6 9 12 15 18 
LOAD CAPACITANCE (C;_)— pF Vpop SUPPLY VOLTAGE (VOLTS) 
92CS-24322 92CS-35939 
Fig. 8 - Typical transition time as a function of load capacitance. Fig. 9 - Typical pulse-width variation as a function of supply 
voltage. 


VARIATION - PER CENT 
\TA® 25°C 
IOV, Tas 25°C 


°o 


i] 
fay 
=) 

> 


SESRSES SRSReSESeSaR 
OS (SPSS EREDABAGRE SE 


Q 
* 

(a) 
i= 
> 
° 
- 
[=| 
WwW 
= 
= 


x= 
- 
2 
4 
a 
” 
3 
a-2 


NORMA 
TYPICAL PULSE WIDTH VARIATION -PER CENT 


NORMALIZED TO 


TYPICAL 


-60 -40 -20 1°) 20 40 60 80 100 i20 140 
AMBIENT TEMPERATURE (°C) 
92CS-35940 


Fig. 10 - Typical pulse-width variation as a function of tempera- Fig. 11 - Typical pulse-width variation as a function of tempera- 
ture (Rx=100 KQ, Cx=0.1 pF). ture (Rx=100 KQ, Cx=5000 pF). 


92CS- 35941 
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Cy #50 pF, Ry 200 Ka 

Ry =100KQ 

AMBIENT TEMPERATURE (Ta)=25°C 
ONE MONOSTABLE OPERATING 


< 
A 
—_ 
z 
E 
> 
Oo 
a] 
a 
a 
= 
n 
J 
< 
- 
°o 
e 


468 2 468 
0.01 0.1 | 10 

OUTPUT DUTY CYCLE (%) 

92CS-35937 


Fig. 12 - Typicaltotal supply current asa function of output duty 


cycle. 
Voo 
INPUTS OUTPUTS 
Vin 
Noe s 
° - 
Vin 
Vss 92CS-27441RI 


Test any combination of inputs. 
Fig. 14 - Input-voltage test circuit. 


Power-Down Mode 


During a rapid power-down condition, as would occur with 
a power-supply short circuit or with a poorly filtered power 
supply, the energy stored in Cx could discharge into Pin 2 or 
14. To avoid possible device damage in this mode, when Cx 
is = 0.5 microfarad, a protection diode with a 1-ampere or 
higher rating (1N5395 or equivalent) and a separate ground 
return for Cx should be provided as shown in Fig. 16. 


Voo 
IN5395 Ry 
OR 
EQUIVALENT 
+ 
Cy 1(15) 8 

20.5yfd 

vss = = Vss 

92CS- 36707 


Fig. 16 - Rapid power-down protection circuit. 


An alternate protection method is shown in Fig. 17, wherea 
51-ohm current-limiting resistor is inserted in series with 
Cx. Note that a small pulse width decrease will occur 
however, and Rx must be appropriately increased to obtain 
the originally desired pulse width. 


Voo 


51 ORMS 


Cy 


20.5pfd 
92CS-36706 


Fig. 17 - Alternate rapid power-down protection circuit. 
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Vss 
92CS- 2740iRI 


Fig. 13 - Quiescent device current test circuit. 


Vop 


NOTE: 


MEASURE INPUTS 
SEQUENTIALLY, 
TO BOTH Vop AND Vsg; 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vss- 


Vss 
92CS-27402 


Fig. 15 - Input-leakage-current test circuit. 
20 30 a0 50 60 iba 80 90 94 


89- 
(2.261- 


r@) mm 
— 4-10 
(0.102-0.254) 
91-99 
(2.311- 2.515) 


92CM-35091 
Dimensions and pad layout for CD4538BH. 


Dimensions in parentheses are in millimeters and are derived 
from the basic inch dimension as indicated. Grid graduations are 
in mils (10° inch). 


The photographs and dimensions of each CMOS chip representa 
chip when itis part of the wafer. When the wafer is separated into 
individual chips, the angle of cleavage may vary with respect to 
the chip face for different chips. The actual dimensions of the 
isolated chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance of —3 
mils to +16 mils applicable to the nominal dimensions shown. 


| 


97 
2.464) 
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CMOS Programmable Timer 


High-Voltage Types (20-Volt Rating) 


Features: 


w Low symmetrical output resistance, typically 100Q at 
Voo =15V 

m@ Built-in low-power RC oscillator 

@ Oscillator frequency range: DC to 100 kHz 

w External clock (applied to pin 3) can be used instead 
of oscillator 

mw Operates as 2" frequency divider or as a single- 
transition timer 

w Q/Q select provides output logic level flexibility 

mw AUTO or MASTER RESET disables oscillator during 
reset to reduce power dissipation 

@ Operates with very slow clock rise and fall times 


The RCA-CD4541B programmable timer consists of a 16- 
stage binary counter, an oscillator that is controlled by 
external R-C components (2 resistors and a capacitor), an 
automatic power-on reset circuit, and output control logic. 
The counter increments on positive-edge clock transitions 
and can also be reset via the MASTER RESET input. 


The output from this timer is the Q or Q output from the 8th, 
10th, 13th, or 16th counter stage. The desired stage is 
chosen using time-select inputs A and B (see frequency 
select table). The output is available in either of two modes 
selectable via the MODE input, pin 10 (see truth table). 
When this MODE input is a logic “1”, the output will be a 
continuous square wave having a frequency equal to the 
oscillator frequency divided by 2%. With the MODE input set 
to logic “O” and after a MASTER RESET is initiated, the 
output (assuming Q output has been selected) changes 
from a low to a high state after 2“"' counts and remains in 
that state until another MASTER RESET pulse is applied or 
the MODE input is set to a logic “1”. 

Timing is initialized by setting the AUTO RESET input (pin 
5) to logic “0” and turning power on. If pin 5 is set to logic 
“1”, the AUTO RESET circuit is disabled and counting will 
not start until after a positive MASTER RESET pulse is 
applied and returns to a low level. The AUTO RESET con- 


FREQUENCY SELECTION TABLE 


No. of Stages 


N 
13 
10 

6 
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Rs 

AR 

MR 
MODE 


Q/G 
SELECT 


Vop = PIN 14 
Vgg = PIN 7 
92CS-35066 


CD4541B 
FUNCTIONAL DIAGRAM 


w Capable of driving six low power TTL loads, three 
low-power Schottky loads, or six HTL loads over the 
rated temperature range 

a Symmetrical output characteristics 

m 100% tested for quiescent current at 20 V 

mw 5-V, 10-V, and 15-V parametric ratings 

@ Meets all requirements of JEDEC Tentative Standard 
No. 13A, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


sumes an appreciable amount of power and should not be 
used if low-power operation is desired. 


The RC oscillator, shown in Fig. 2, oscillates with a fre- 


quency determined by the R-C network and is calculated 
using: 


1 where f is between 1 kHz 
fo Se and 100 kHz 
2.3 RrcCre and Rs= 10 kQ and = 2Rrc 


The CD4541B types are supplied in 14-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 14-lead dual- 
in-line plastic packages (E suffix), and in chip form (H 
suffix). 


TRUTH TABLE 


CD4541B Types 


MAXIMUM RATINGS, Absolute-Maximum Valewes: 
DC SUPPLY-VOLTAGE RANGE, (Vopp) 


(Voltages feterenced (6 Vee TOrmingl) i.icek ese cs ce seivienss 60s oehe uns Sieaw ani desde tadeswidceeae nr 5h5ee 955s eso aCe SS -0.5 to+20V 
INPUT VOLTAGE FANGE. ALL ING Siskind devia rnies wh cin snnsoniedebebnd peuknewhinadindeseienetad ews de0bs -0.5 to Von + 0.5 V 
OC INPUT CURRENT. ANY ONE INET 6 ickiwc dead 9820602026565 0 054 S5 06 C4HR SOOT 4440 KOE DEAL AONE EE WEOS ORR OARS 8 EON ED OK +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For lga= 40 tor 60°C (PACKAGE Pe Bi eehe £0583 460 666 eSeK Ueno ne hd ed 86 4EE ES Ge EE EEA EEN ESSN SEAR SERRE eee EEE 500 mW 

POF Ta = +60 to 765°C (PACKAGE TYPE. E) cc iccneesdvsceeeecdsedesacane tue es cesweraee oe Derate Linearly at 12 mW/°C to 200 mW 

Por ta “50 19779700" CIPACKAGES. TYPES Oy.) 6 vee 5 60565065 96:46645. 65400080 Hh ob ON 5 bRdke be sidewee sc eeesesetiesekciens 500 mW 

For Ta = + 100 to + 125°G (PACKAGE TYPES D, F) ccc ccccccccscscsvcccacdaeseveevwvens vs Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE {All Package TYDGS) vas cuce ne vescutedendenv cond vived e400 400 Reo eoes dR ES 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACA thes 0. FF) Kecedw ies 45. 46.06an pi oheeeeaudle es cern t Gb iern GiO6) 044555 0he dee neeheer basses Getessna Kome ~§5 to + 125°C 

PAGE AGE PVCS G5 466 50s 6546 60586064654 b 6 yon EON bud oe EON ERE NDS HK oe BASS ONES SEER SS Shute ak oe aeews By Nees Mawes -40 to + 85°C 
STORAGE TEMPERATURE RANGE (lag) eas vcdcccc decides tuldncek bh es eulicetedsiebesoes 4a0ubenss ici pees dante deus -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 = 1/32 inch (1.59 = 0.79 mm) from Case fOr 10'S MAK: .ieecccs ccc sectossreeenas sea cent eecveeceawi news aes +265 C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


LIMITS 


CHARACTERISTIC 


x : 08 
Q 
3 al | 
Rg O Osc 
‘ 8-STAGE 8-STAGE 
Tc COUNTER COUNTER 
RtcO 
9 
ae 
Q/O SELECT 
/\ 
Vop =!4 
Vssiz 7 NC=4, 11 
5 PWR 
AUTO © ON Db: 92CM-34975 
RESET RESET 


()6 
MANUAL RESET 


Fig. 1 — CD4541B functional diagram. 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, H Packages 
Values at -40, +25, +85 Apply to E Package 


| Device 
Current, 


Output Low 
(Sink) Current 


Output High 
(Source) 
Current, 


Output Voltage: 
Low-Level, 


Voltage: 
High-Level, 


Input Low 
Voltage 
Vit Max. 

Input High 
Voltage, 
Vin Min. 


_—s 
ao 


TO CLOCK 
CKT 


IN TERNAL 


Ric Voo RESET 
Cte B 
R S A 
NC NC 
AUTO RESET 
SE monn Ric | 
MASTER RESET Q/Q SELECT 
Vg OUTPUT | 
92CS- 34976 92CS-34977 
TERMINAL ASSIGNMENT Fig. 2 — RC oscillator circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS, at T, = 25°C, Input t,, t} = 20 ns, C. = 50 pF, Ri = 200 kQ 


CHARACTERISTIC LIMITS 


Propagation Delay Times: 
Clock to Q 


(2°) tent, tern 
(2'°) tert, tecy, 


Transition Time, 


MASTER RESET, CLOCK 
Pulse Width 


Maximum Clock Pulse Input : 
Frequency, 
6 
Maximum Clock Pulse Input 
Rise or Fall Time, tr, te Unlimited 


a 
hie 


15 
5 
0 
bs) 
0 
5 
5 
0 
5 
5 
0 
5 


1 
1 
1 
1 
1 
1 
1 
1 


Te TVG Ut 
SM. 33-20 

DIGITAL TIMER APPLICATION | 40- 

A positive pulse on MASTER RESET resets the counters i 

and latch. The output goes high and remains high until the 30 - a ue 

number of pulses, selected by A and B, are counted. This 20 

circuit is retriggerable and is as accurate as the input fre- 

quency. If additional accuracy is desired, an external clock 10- 

can be used on pin 3. A set-up time equal to the width of the 


one-shot output is required immediately following initial 
power up, during which time the output will be high. 


= 4-10 
(0.102-0.254) 


85-93 
(2:159+2.362) 
92CS-35090 


Dimensions and pad layout for CD4541B. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10-3 


INPUT inch). 


The photographs and dimensions of each CMOS 

chip represent a chip when it is part of the wafer. 

92CS- 34978 When the wafer is separated into individual 

chips, the angle of cleavage may vary with 

respect to the chip face for different chips. The 

actual dimensions of the isolated chip, therefore, 

a —— a may differ slightly from the nominal dimensions 

Fig. 3 - Digital timer application circuit. shown. The user should consider a tolerance of 

-3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4543B Types 


CMOS BCD-to-Seven-Segment 


Latch/Decoder/Driver 
For Liquid-Crystal Displays 
High-Voltage Types (20-Volt Rating) 


Features: 

a Display blanking of all illegal input combinations 

ws Latch storage of code 

# Capability of driving two low power TTL loads, 
two HTL loads, or one low power Schottky load 
over the full rated-temperature range 

w Pin-for-pin replacement for the CD4056B 
(with pin 7 tied to Vss) 

ws Direct LED driving capability 


The RCA-CD4543B is a BCD-to-seven segment latch/de- 
coder/driver designed primarily for liquid-crystal display 
(LCD) applications. It is also capable of driving light 
emitting diode (LED), incandescent, gas-discharge, and 
fluorescent displays. This device is functionally similar to 
and serves as direct replacement for the CD4056B when pin 
7 is connected to Vss. It differs from the CD4056B in that it 
has a display blanking capability instead of a level-shifting 
function and requires only one power supply. When the 
CD4056B is used in the level shifting mode, two power 
supplies are required. When the CD4543B is used for LCD 
applications, a square wave must be applied to the PHASE 
input and the backplane of the LCD device. For LED 
applications a logic 1 is required at the PHASE input for 
common-cathode devices; a logic 0 is required for common- 
anode devices (see truth table). 


The CD4543B is supplied in hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vss Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 


DC INFUT CURRENT, ANY ONE INPUT 64 sx<s seas venasnneods eae 


POWER DISSIPATION PER PACKAGE (Pp): 
For Tq = -40 to +60°C (PACKAGE TYPE E) 
For T, = +60 to +85°C (PACKAGE TYPE E) 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K)............... 
=+#100 to +125°C (PACKAGE TYPES D0, F, K) «+ 0205080005 


For T 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For Ta 
OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES DFG ccccexchaenss coneeesavtveresscadaes 


evreeeee ee eer eee eee eee e essere ee eee eeeeeseeeeeeeee eee eee ese eee eee eee ee eee eee eeeeeeve 


oeoeererereeerereeereeese ee eeree eee eee reese eee eee eee eve 


PeTee TT TT TT Te Te Te ee ee ee ere eee +10 mA 


oot eee were eee eee eee ees eeeere 


eevee ere eee eee eee eeees 


eoeeeeeerer eee eee eee eevee 


= FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


eee eereee eee eee eee ee eee eee ere eee eee eee eee eeeereeeeeeee 


7-SEGMENT 
OUTPUTS 


BLANKING 
Vss 


evr % e@ea eS 
oO 


| 
2 
3 
4 
5 
6 
ng 
8 
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CD4543B 
TERMINAL ASSIGNMENT 


= 100% tested for quiescent current at 20 V 
= Maximum input current of 1 uA at 18 V 
over full package-temperature range; 
100 nA at 18 Vand 25°C 
w Noise margin (full package-temperature 
range)= 1 Vat Vpp=5 V 
2 Vat Vpp=10 V 
2.5 V at Vpp=15 V 
a 5-V, 10-V, and 15-V parametric ratings 
s Meets all requirements of JEDEC Tentative 
Standard No. 13B, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 

ws /nstrument display driver 

Dashboard display driver 
Computer/calcuiator display driver 

Timing device driver (clocks, watches, timers) 


-0.5 to +20 V 
-0.5 to Vpp +0.5 V 


Le dWoe HENNA Koh eNO ORE RE Pens dues ee CHE PEER dee seREeenens 500 mW 


eer er Te ee Te TT Try Yr TTT eee eT Teer ee eee 500 mW 


over er eer eee ere eee ere ee eee eens 


-55 to +125°C 


a 8 ee Me | 8 Sn re ee er ne ern Te ee Se er ee eT eer ere eT ere Te -40 to +85°C 
STORAGE TEMPERATURE RANGE (Togtg) ..-.- 6. s eee e erect eee e renee nee ene nent nen e tenn en eee eee e -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1716 = 1/32 inch: (1.59 £0.79 mm) trom Case for 10S: MAX: pose cess cates edeasers tei 105 sa e090 652864 se ee rnen dad eee +265°C 


CD4543B Types 


Dear os 


om LATCH |B | 
> a : 


* (2c 


HAH 


[- 


LATCH 
io) 


~~ 
(1) PHASE = 
LD 7 : OUT 
= 
__ an Vs 


a * ALL INPUTS PROTECTED 
BY CMOS PROTECTION 
NETWORK 92CL-34512RI 


Fig. 1 - BCD-to-seven-segment latch/decoder/driver CD4543B logic circuit diagram. 


RECOMMENDED OPERATING CONDITIONS at Ta=25°C, Unless Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


CHARACTERISTIC 


Latch Disable Pulse Width 


Minimum Data Setup Time 


Minimum Data Hold Time 
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STATIC ELECTRICAL CHARACTERISTICS 
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Values at -55, +25, +125 Apply to D, F, K, H Packages 
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Output Voltage: 
High-Level 


CHARAC- 
TERISTIC 
Quiescent 
Output Low 
Output High 
(Source) 
Output Voltage: 
Input Low 
Input High 
Input Current 


Fig. 3 - Minimum output high (source) current characteristics. 


Fig. 2 - Typical output high (source) current characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=25°C; C.=50 pF, Input t,,tf=20 ns, Ry =200 kt) 


TEST LIMITS 
CONDITIONS All Packages 


(V) TYP. | MAX. | 


CHARACTERISTIC 


i 


Propagation Delay Time 


Transition Time 


Latch Disable Pulse Width 
40 


Address Setup Time 20 
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AMBIENT TEMPERATURE (Tg)=25°C 
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Fig. 5 - Typical output low (sink) current characteristics. Fig. 6 - Minimum output low (sink) current characteristics. 
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TRUTH TABLE FOR CD4543B 


OUTPUT STATE 

DISPLAY 
CHAR- 
ACTER 


eo-le---[ece- fe |- 


ppafaabeebee= fe 

paa-peeeb-—bee fo 

ppoeeboeepoeeeae= 

nace sbocacncn fale 
peek fel ef 
pewebencbee bo [e[e 
pesepe= ff [ef 
oper ree eer ere 
pewepee pre-e [-[> 
oOo oO oO 
; ; ; ; penspossrcee tele 


Inverse of Output Display 


Combinations as above 
Above 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
=z 


X=Don't care. 
=Above combinations. 
*=For liquid-crystal readouts, apply a square wave to Ph. 
For common cathode LED readouts, select Ph=0. 
For common anode LED readouts, select Ph=1. 
**=Depends upon the BCD code previously applied when LD=1. 


AMBIENT TEMPERATURE (Ta)= 25°C 1 AMBIENT TEMPERATURE (Ta)=25°C 7 


sesseset seen 
seases TAC 


g 


= 


TRANSITION TIME (ttHL.tTLH)—As 
\sauceuene 
H 88688808881 Gen 
1 


PROPAGATION DELAY (tpy.,tp_y)—ns 


LOAD CAPACITANCE (C.)—pF LOAD CAPACITANCE (C,_)— pF escavusnse 


92CS-34518 


Fig. 7 - Typical transition time as a function of load capacitance. Fig. 8 - Typical propagation delay time as a function of 


load capacitance. 


CD4543B Types 


Tey, rR ae 
Beeretamnle7i 


POWER DISSIPATION (Pp)- pW 


*\0 * 802 
FREQUENCY (f)-kHz 


92CS-34520 
Fig. 9 - Typical dynamic power dissipation as a function of frequency. 


Vop 
INPUTS OUTPUTS INPUTS 
ViH Yop NOTE: 
so + a (x) : MEASURE INPUTS 
yo Z ) SEQUENTIALLY, 
rh =e Vss TO BOTH Vpp AND Vg: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: Vop OR Vss- 
TEST ANY COMBINATION 
OF INPUTS Vss 
92CS-2744IRI 92CS-27402 
92CS- 2740IRI 
Fig. 10 - Quiescent device current Fig. 11 - Input voltage test circuit. Fig. 12 - Input current test circuit. 
test circuit. 
10) 10 20 30 40 50 60 70 77 
79 
70 
60 - 
76-84 
2 (1.930-2.134) 
40- 
30 
20- 
1O- 
i (0. 102-0. ae 7 
it B80- . O83) 
92CS-35089RI 
Dimensions and pad layout for CD4543BH. 
Dimensions in parentheses are in millimeters The photographs and dimensions of each CMOS 
and are derived from the basic inch dimensions chip represent a chip when it is part of the wafer. 
as indicated. Grid graduations are in mils (10-3 When the wafer is separated into individual 
inch). chips, the angle of cleavage may vary with 


respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4555B, CD4556B Types 


CMOS 


Dual Binary to 1 of 4 


Decoder/Demultiplexers 


High-Voltage Types (20-Volt Rating) 


CD4555B: Outputs High on Select 
CD4556B: Outputs Low on Select 


The RCA-CD4555B and CD4556B are dual 
one-of-four decoders/demultiplexers. Each 
decoder has two select inputs (A and B), an 
Enable input (E), and four mutually exclu- 
sive outputs. On the CD4555B the outputs 
are high on select; on the CD4556B the out- 
puts are low on select. 


When the Enable input is high, the outputs 
of the CD4555B remain low and the outputs 
of the CD4556B remain high regardless of 
the state of the select inputs A and B. The 
CD4555B and CD4556B are similar to types 
MC 14555 and MC14556, respectively. 


The CD4555B and CD4556B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), andin 
chip form (H suffix). 


RECOMMENDED OPERATING CONDITIONS 


Features: 


® Expandable with multiple packages 
® Standard, symmetrical output characteristics 
® 100% tested for quiescent current at 20 V 


® Maximum input current of 1 uA at 18 V over full 
package temperature range; 100 nA at 18 Vand 25°C 


® Noise margin (full package-temperature 
range): 1VatVpp=5V 
2 Vat Vpp = 10 V 
2.5 V at Vpp = 15 V 
@ 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 
Applications: 


® Decoding ® Code conversion 

® Demultiplexing (using Enable input asa 
data input) 

® Memory chip-enable selection 

® Function selection 


For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 


CHARACTERISTIC 


Supply Voltage Range 
(For Ta = Full Package 
Temp. Range) 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vsgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERAT JRE RANGE (Ail Package Types) 


OPERATING-TEMPERATURE RANGE oon 
PACKAGE TYPES D, F, K, H ot 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tagg! 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


‘ —0.5 to +20 V 
—0.5 to Vpp +0.5 V 
, 110 mA 


: 500 mW 
Deraté Linearly at 12 mW/°C to 200 mw 
: 500 mW 
Derate Lineany at 12 mw/°C to 200 mW 


100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


92CS 22916RI 


CD4555B 
FUNCTIONAL DIAGRAM 


281 2! SI 


Ves 92CS-—22919R) 
CD4556B 
FUNCTIONAL DIAGRAM 


TERMINAL ASSIGNMENTS 


1/2 OF 
DUAL 


E 1®@ Voo 
A 2 E 
B 3 A 
cle) 4 8 1/2 OF 
a 5 Lele) DUAL 
a2 6 a 
@3 7 ya 
Vss 8 a3 
TOP VIEW 
92CS-24943Ri 
CD4556B 
1@ 
2 
3 
4 1/2 OF 
5 DUAL 
6 
7 
8 
TOP VIEW 
92CS- 24942RI 
CD4555B 
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CD4555B, CD4556B Types 


STATIC ELECTRICAL CHARACTERISTICS 


SSSSCCRES Gees saeeseeess 
LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 


Seesesesscccsscscccescccee 
ISTIC 


Quiescent Device 
Current, 
IDD Max. 
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Output Low : _ ORAIN-TO-SOURCE VOLTAGE (Vps)—V 
(Sink) Current ; 92¢5 2451883 
Jou Min. Fig. 1 — Typical output low (sink) current 
: : characteristics. 


Output High 
(Source) 
Current, 

| Min. 3333 3333 ttt ttt 
i TTT HE 
FETHEHTH HBT 


ov —mA 


Output Voltage: 
Low-Level, 
VOL Max. 


HH ATTt tt 
sail 
siti sii 
Output Voltage: Ht jiov tH 

High-Level, 


VOH Min. 
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- 
zZile. 
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z 
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° 
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Input Low 


Voltage, 
Vit Max. DRAIN- TO-SOURCE VOLTAGE (Vps)—V 


92CS$ -24519R1 


Input High Fig. 2 — Minimum output low (sink) current 
characteristics. 
Voltage, 
VIH Min. 
DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
-15 -10 
Input Current AMBIENT TEMPERATURE (Ta)*25°C 


lin Max. 


44444 
LT GATE -TO-SOURCE VOLTAGE (Vgs)*-5V 
a 


DYNAMIC ELECTRICAL CHARACTERISTICS at 74 = 25°C; Input t,, ts = 20 ns, 
Cy = 50 pF, Ry, = 200 KQ 


OUTPUT HIGH (SOURCE) CURRENT(I OH)—mA 


CHARACTERISTIC 


92CS-24320R35 


Fig. 3 — Typical output high (source) current 
characteristics. 


Propagation Delay Time, tpy,. 


A or B Input to tPpLH j DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


Any Output 


E Input to Any 
Output 


sees 


Transition Time tty L’ CTLH 
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92C3-24521R2 


Fig. 4 — Minimum output high (source) current 
characteristics. 
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PROPAGATION DELAY TIME (tpi! pig 


Fig. 8 — Typical propagation delay time vs. load 
capacitance (FE input to any output). 
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Fig. 11 — Typical dynamic power dissipation 
vs. frequency. circuit. 
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* ALL INPUTS PROTECTED BY COS/MOS 
PROTECTION NETWORK: Yoo 


Vv 
SS g2cs-24222R1 


Fig. 5 — CD4556B logic diagram 
(1 of 2 identical circuits), 


TRUTH TABLE 


INPUTS OUTPUTS OUTPUTS 
ENABLE SELECT CD4555B CD4556B 


X = DON’T CARE LOGIC 1 = HIGH 
LOGIC 0= LOW 


PROPAGATION DELAY TIME (1p. 4. 'pui) — 90 


scsescsessscessssesss 


LOAD CAPACITANCE (C,)— pF 92CS-24939 


INPUT FREQUENCY (f)— kHz s 


evo CRITI 


ALL INPUTS PROTECTED BY COS/MOS 
PROTECTION NETWORK: 


Vsg 9265-24 22IR1 


Fig. 6 — CD4555B logic diagram 
(1 of 2 identical circuits). 


SUPPLY VOLTAGE ( Vpp)—VOLTS 


92CS-24940 


Fig. 9 —. Typical propagation delay time vs, 
supply voltage. 


92CS-2740IRI 


Fig. 12 — Quiescent device current test 
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92CS- 24938 


Fig. 7 — Typical propagation delay time vs. load 


TRANSITION TIME (tre ot TL H)—A8 


te) 20 


capacitance (A or B input to any output). 


40 60 8 100 
LOAD CAPACITANCE (C)— pF 


92C$-24322 
Fig. 10 — Typical transition time vs. load 
capacitance. 
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aa “? 


NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
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Fig. 713 — Input voltage test circuit. 


CD4555B, CD4556B Types 


00 
ee 
INPUTS 
% 
Veo NOTE ~~ 
Non) MEASURE INPUTS 50% 
° SEQUENTIALLY, 
Vss TO BOTH Vop AND Vss: 10% 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OF Vgs- 
Vss 
92CS-27402 Voo 
; a 90 % 
Fig. 14 — Input current test circuit. 50 % 
50 % 


OUTPUT Q3 OUTPUT Q3 


O, 
10 % —" 


Yss ss 


ty = | MHz, 50% DUTY CYCLE ty =1MHz,50 % DUTY CYCLE 
92CS-24223 S05 (4 e0@ 
Fig. 15 — CD4555B B input to Q3 output dynamic Fig. 16 — CD4556B B input to Q3 output dynamic 
signal waveforms. signal waveforms. 


90 % 


90 % ~—— “oo 
a 50 % INPUT E 
10 % APPLICATIONS 
° 10 % 
Vss 1/2 C045558 
A 
A 90 ao 
INPUTS |SELECT Qi a 
6 Q2 OuTPUTS 
E Q2 
90 % Yoo DATA Q3 
90 % ° 1/6 CD40698 92CS- 24229 
50 % OuTPUT OuTPUT TRUTH TABLE 


SELECT 
INPUTS OUTPUTS 


50% af 
Q5 o3 
Vi] 10% 
Vss 


fy = 1 MHz, 50 % DUTY CYCLE ty <IMHz, 50% DUTY CYCLE 


92CS- 24226 
92CS- 24225 


Fig. 17 — CD4555B E input to Q3 output dynamic Fig. 18 — CD4556B E input to Q3 output dynamic Fig. 19 — 1-of-4 line data demultiplexer using 
signal waveforms. signal waveforms, CD4555B. 
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A 20 | 20 
e Ql 
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Q3 
DECODER ouTPUTS 
INPUTS 


1/6C040698 Lie a a ee ae _] 


OR EQUIV 
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Fig. 20 — 1-0f-8 decoder using CD4555B. 
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Fig. 21 — 1-of-16 decoder using CD4555B and 


CD45568. 
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DIMENSIONS AND PAD LAYOUT FOR 


CD4555BH. 
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(o= 


CD4556BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10°3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


o- 
x 4-10 
(0.102 - 0.254) 
19-687 
(2.007 -2.210) 


92CM- 3336! 


DIMENSIONS AND PAD LAYOUT FOR 


CD4585B Types 


CMOS 4-Bit Magnitude 
Comparator 


High Voltage Types (20-Volt Rating) 


The RCA-CD4585B is a 4-bit magnitude com- Features: 
parator designed for use in computer and 


logic applications that require the comparison a Expansion to 8,1 2,16 eeece .4N bits by cascading units 


of two 4-bit words. This logic circuit deter- = Medium-speed operation: 
mines whether one 4-bit word (Binary or compares two 4-bit words 
BCD) is ‘less than”, “equal to’’, or ‘greater in 180 ns (typ.) at 10 V 
than” a second 4-bit word. ; 
a = 100% tested for quiescent current at 20 V ila 
The CD4585B has eight comparing inputs ™ Standardized symmetrical output characteristics 
(A3, B3, through AO, BO), three outputs (A #5-V. 10-V 1 . : 
<B,A = B,A> B) and three cascading inputs “V, 10-V, and 15-V parametric ratings FUNCTIONAL DIAGRAM 
(A < B, A =B, A> B) that permit systems ® Maximum input current of 1 vA at 18 V 
designers to expand the comparator function over full package temperature range; 
fo. 6, 425 Wises 4N bits. When a single 100 nA at 18 V and 25°C 
CD4585B is used, the cascading inputs are = Noise margin (full package temperature range) = HHH siertaiiit HH 
a 


connected as follows: (A < B) = low, (A = B) 


Seeceee cases sesescesecccecces 
= high, (A> B) = high. arses 


range) = 1 Vat Vpp =5 V 
2 V at Vpp = 10 V 


Cascading these units for comparison of more seanaatiane seeuaeee 
rn 4 a ; oe a lished e wn in Zo aE VOD 1b aabipetsttefaratts seceees 
Fig. 13 ae ltd = Meets all requirements of JEDEC Tentative siesitistecieenstesaienait 

. * ese 


Standard No. 13A, ‘Standard Specifications 
The CD4585B types are supplied in 16-lead for Description of ‘B’ Series CMOS Devices” 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 


OUTPUT LOW (SINK) CURRENT (Io) —mA 


packages (K suffix), and in chip form (H Applications: I sesassassassesserstsetsessetsessee 

suffix). This device is pin-compatible with 5 

low-power TTL type 7485 and the CMOS ® Servo motor controls # Process controllers DRAIN-TO-SOURCE VOLTAGE (Vps)—V etnies 

types MC14585 and 40085. Fig.1 — Typical output low (sink) current 
characteristics. 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Voc Terminal) - tees & «© & w# = —0.5to+20V « 
INPUT VOLTAGE RANGE, ALLINPUTS. . . . . . ees 0.5 tO Vp +0.5 V 7 HH 
DC INPUT CURRENT, ANY ONE INPUT . . . 2 ee +10 mA 3 Sousseeee rH anes 
POWER DISSIPATION PER PACKAGE (Pp): - SOURCE VOLTA 

For Ty = —40 to +60/C (PACKAGE TYPE —)....... . oe ee & gy 500 mw wi H fei 

For Ta = +60 to +85 C (PACKAGE TYPE EE)... ....~»=Derate Linearly at 12 mW/ C to 200 mW = Pjsccesesees 

For Ta = —55 to +100 c (PACKAGE TYPES D,F,K) «§ « & «© & & & & & @ r. 500 mw z HAH 

For Ta = +100 to +125 C (PACKAGE TYPES D,F,K) . . Derate Linearly at 12 mW/ C to 200 mW H 7. as 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR g +H 

FOR Ty, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . 100 mw . Hy 
OPERATING-TEMPERATURE RANGE als 7 - sv ‘ 

PACKAGE TYPES D,F,K,H) . ©... —56 to +125 C a HH 

PACKAGE TYPE E re ee ee ee Se, a —40 to +85 C bo eeu soe cae 
STORAGE TEMPERATURE RANGE (Tyg) © se ee 65 tO +150 C oe ace aia 
LEAD TEMPERATURE (DURING SOLDERING): ‘ Fig.2 — Minimum output low (sink) current 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. ee oe ee 4 co a © characteristics. 


DRAIN- TO-SOURCE VOLTAGE (Vps)—V 


-15 10 
AMBIENT TEMPERATURE (Ta)=25°cH Hi} TT i 
Hitt tty SSeS eee SEneess [ea 
seeceses GATE-TO-SOURCE VOLTAGE (Vgs)=-5V 2 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominat operating conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 


1 
DS) 
oO 

OUTPUT HIGH (SOURCE) CURRENT(LoH)—mA 


92CS-24320R3 
Fig.3 — Typical output high (source) current 
characteristics. 
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CD4585B Types 


TRUTH TABLE 


INPUTS 


OUTPUTS 
COMPARING | CASCADING 


X = Don’t Care Logic 1 = High Level Logic 0 = Low Level 


a 
Vss 
% INPUTS PROTECTED BY 


COS/MOS PROTECTION 
NETWORK 


- be ; (A a 


(A= B)IN | >< 
(A>B)IN >. 


(A=B)OUT 


1 > iP... G) 
> Sof SE" 


Fig.4 — Logic diagram. 92CL -31008 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


=15 -10 -5 oO 
tot ttttt Ht +++ < * an 
LH GATE -TO-SOURCE VOLTAGE (Vgg)=-5 V E ; e 
g zt =z x 
s E : 
= 3 = 
z x x 
Ww e a 
rs = iit} = 
3 = 6 Saas 2 
< 3 Hu ce aE Syoe ee eseeeses 
3 a BSH w gyaseees 
ve) 2) oe 
3 Z ieee Z anette ae 
3 = 3 $3338 om sautiital init Soo 
x i + E 2 HH 
i a fH GHEE HEH HH 
= - 9 { TH guns 
> H < sii 
> itt a + 
5 it HE Hy ali ie 
0 700 
LOAD CAPACITANCE (C_)— pF LOAD CAPACITANCE (CL)-pF 
92CS-24321R2 32CS- 24322 92CS- 32066 
Fig. 5 — Minimum output high (source) current Fig. 6 — Typical transition time as a function of Fig. 7 — Typical propagation delay time (“‘com- 
characteristics. load capacitance. paring inputs” to outputs) as a func- 


tion of load capacitance. 
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CD4585B Types 


Output High 
(Source) 
Current, 


1OH Min. 


(=) 


INPUT Yop C040298 
(IN BINARY 


| 
i) 
ro) 


28) - 


STATIC ELECTRICAL CHARACTERISTICS 10 g] Awatent Temperature (tad-zsre | TT]] | [11] 
LIMITS AT INDICATED TEMPERATURES (°C) cmiisanina A Ht 
= 
CHARAC- CONDITIONS _ | Values at -55, +25, +125 Apply to D, F, K, H. Packages | L ett == Gat | A 
TERISTIC Values at —40, +25, +85 Apply to E Package T e oar aes if = a eet 
wel we | a | vas ras teem | SESH Peo 
(v) +85 |+125 Max. ¢ es ae aiesinvlamen att 
os] 5| |_| 10] 150 ste tose HH 
— Se CU VAMP A 
Device 0,10 10} 10 | 300} 00 | 10! 2 EH ae 
Carer [on 600, HHP it A 
lpDp Max. 100 3000! 3000 } 100) aj es, #40 @ 46822 468532 4664 
: , CLOCK INPUT FREQUENCY (fiy)—kHz oss 206s 
Output Low | 05 | 0.64 0.42 Fig. 8 — Typical dynamic power dissipation as a 
seme Cunent 0,10 | 1.6| Pal 08) function of clock input frequency (see 
Min Fig. 9—dynamic power dissipation test 


of 700 
[0.61 | 
| 15 | 
ee 
=0.61 | - 
-2| -18 | = 
6| -15 | - 
Wt 


Output Voltage: 
Low-Level, 
Vo L Max. 


Output 
Voltage: 
High-Level, 
VOH Min. 


ed a ee a 


Input Low 
Voltage 
Vi L Max. 


lel ( PBIBISE tp pep ped 


< 


Input High 
Voltage, 


NOTE: 


Vi H Min. 
MEASURE INPUTS 
. SEQUENTIALLY, 
ss TO BOTH Vpp AND Vg; 


Input Current 
lin Max. 
CONNECT ALL UNUSED 


DYNAMIC ELECTRICAL CHARACTERISTICS ated EITHER 
At Ta =25-C;; Input t,, tp = 20 ns, Cy = 50 pF, Ry = 200kQ eg DD OR Vg 


CHARACTERISTIC TEST CONDITIONS Vpp eae 92¢S-27402 
Volts 


Propagation Delay Time: ie Fig. 10 — Input current test circuit. 
Comparing Inputs to 250 
Outputs, tpHL- tPLH 160 


eran: 
ra: - 400 . 
Cascading Inputs to ag 
Outputs, tpHL- tPLH Pt INPUTS OUTPUTS 
eens: 
10 
15 


AR ( 
re 
_—* 
| 
on 
I+ 
r=) 
—_ 
5 
> 
° ‘4 
o 


Vin 
Transition Time, a, rn 
TTHL 'TLH Vi. ey 
Input Capacitance, Cy, | Anvinpat Input = 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-2744IRI 


Fig. 11 — Input-voltage test circuit. 


373 


CD4585B Types 


Yoo Ao A; Ag Az Ag As Ag Az Ag Ag Aig Ay 


C045858 
(A>B)IN 
(A= B)IN 
(A<B)IN 


C04585B8 C04585B 


(A >B) OUT 


(A<B) OUT 


Bo 8; 82 Bz Bg B85 Be 87 Bg Bg Bio By 


ip TOTALe tp Clee) Heady Gece Jat Vape lov 


INPUTS INPUTS 
Vss iS STAGES! 92CM- 31007RI 
lh = 120+ 2(80)= 280 ns (TYP) 
Fig. 12 — Quiescent-device-current test circuit. Fig. 13 — Typical speed characteristics of a 12-bit comparator. 
(@) 0) 20 30 40 50 60 80 90 100 
TERMINAL ASSIGNMENT Fs, 
B2 { Yoo 
Az—j 2 A3 60 UNI al | 
(AsB)0uT—J 3 83 | 
(A>B) iN 4 (A>B)OUT 
(A<B)IN 5 (A<.8)OUT —— 
(A=B)IN 6 Te) 
Al 7 AO 
BI i 72-80 
ae Be (1.829- 
TOP VIEW 2.032) 
92C$ - 31006 3 


O 


| 4-10 
(0.102-0.254) 97-105 
(2.464-2.667) 


92CM-32002 


Dimensions and Pad Layout for CD4585BH 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 


Dimensions in parentheses are in millimeters and are WATOE 18 GR pSTATOS InIO TCIWinUa) eins) ie BAGO 
p cleavage may vary with respect to the chip face for 


derived fsom the basic inch dimensions as indicated. different chips. The actual dimensions of the isolated 


Grid graduations are in mils (10~3 inch). chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


374 


CMOS 


8-Bit Addressable Latch 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4724B 8-bit addressable latch 
is a serial-input, parallel-output storage regis- 
ter that can perform a variety of functions. 


Data are inputted to a particular bit in the 
latch when that bit is addressed (by means 
of inputs AO, A1, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
however, all 8 outputs can be continuously 
read independent of WRITE DISABLE and 
address inputs. 


A master RESET input is available, which 
resets all bits to a logic “O” level when RESET 
and WRITE DISABLE are at a high level. 
When RESET is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as 


a 1-of-8 demultiplexer; the bit that is ad- 
dressed has an active output which follows 


the data input, while all unaddressed bits 
are held to a logic “0” level. 

The CD4724B types are supplied in 16-lead 
hermetic ceramic dual-in-line packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), and in chip form (H 
suffix). 


Al 
Ao( »— ae a 
Al 
* LXe) 


13 
DATA O—->-— > ) 
Al 
* 
write |4 Al 
DISABLE wo 


wl3 8(B S/S 8 Slel S Ry Sl ays kil Bl 


i 


*aLL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 
Vss 


Fig. 1— Logic diagram of CD4724B and detail of 1 of 8 latches. 


CD4724B Types 


Features: 


Serial data input & Active parallel output 


a 
® Storage register capability = Master clear 

® Can function as demultiplexer 

@ Standardized, symmetrical output characteristics 
@ 100% tested for quiescent current at 20 V 

@ Maximum input current of 1 uA at 18 V 


(full package-temperature range), 100 nA 
at 18 V and 25°C 


® Noise margin (full package-temperature 
range) = 1 V at Vpp = 5 V, 2 Vat Voop 
= 10 V, 2.5 V at Vpp = 15 V 

@ 5-V, 10-V, and 15-V parametric ratings 

& Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VoD) 


FUNCTIONAL DIAGRAM 


Applications: 
® Multi-line decoders 
® A/D converters 


(Voltages referenced to Vsg Terminal) : —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . —0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) toe ee ee eee 500 mw 

For Ta = +60 to 85°C (PACKAGE TYPE E) . . Derate Linearly at 12 mW/°C to 200 mW 

For Ta = - 55 to +100°C (PACKAGE TYPES D,F) 500 mw 


For Ta = +100 to +125°C (PACKAGE TYPES D, F) Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, H a. we « a 

PACKAGE TYPEE ...... . 
STORAGE TEMPERATURE RANGE (T stg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


4 AO ! Yoo 
wb a“ () a0 Ali—42 RESET 
5 A2 3 WRITE DISABLE 
wb O) at Qo +44 DATA 
6 Qi 5 Q7 
1?) 
. ? 037 Qs 
D v. 8 a4 
R oa . 
9 TOP VIEW 
wo a (Jos 92CS- 30917 
10 
DSuarcn| Cos TERMINAL ASSIGNMENT 
a 5 
il 
wo-ATCH}—() a6 
R 
2 
wd es eas ( )o7 sueccecccccsssasss 


OUTPUT LOW (SINK) CURRENT (Iq) —mA 


2068 ee seene 
-SEGSERR8S Reece eseccecesase 


8 
ORAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CmM-30915 92C$-24318R3 


Fig. 2— Typical output low (sink) 
current characteristics. 
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CD4724B Types 


RECOMMENDED OPERATING CONDITIONS at 7, = 25° C (Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 


Supply Voltage Range: 
(At Ta = Full Package 
Temperature Range) 


MODE SELECTION 
ADDRESSED | UNADDRESSED 
LATCH LATCH 
Follows Data | Holds Previous 
State 


Reset to “0” 


Holds Previous State 


Data WD = WRITE DISABLE R = RESET 


Pulse Width, tw 


Address Ao 30% 
70 % 
Al 
A2 
wo - 70% 
tw 


Setup Time, ts 
Data to WRITE DISABLE 


92CS-27676RI 


Fig. 3— Definition of WRITE DISABLE ON time. 


Hold Time, ty 
Data to WRITE DISABLE 


* Circled numbers refer to times indicated on master timing diagram. 


Note: In addition to the above characteristics, a WRITE DISABLE ON time (the time that WRITE 
DISABLE is at a high level) must be observed during an address change for the total time that the 
external address lines AO, A1, and A2 are settling to a stable level, to prevent a wrong cell from 
being addressed » 


ow —mA 


OUTPUT LOW (SINK) CURRENT (I 


92CS-24319AR1 


Fig. 4— Minimum output low (sink) 
(ty <t9) current characteristics. 
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OUTPUT HIGH (SOURCE) CURRENT(I OH) — mA 
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Fig.6 — Typical output high (source) 
current characteristics. 


Fig. 5— A/D converter 
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STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


CHARACTER- 
ISTIC 


< 


=< 


Quiescent Device 
Current, 
Ipp Max. 


j=) 
N 
i=) 


Output Low 
(Sink) Current 
1or Min. 


Output High 
(Source) 
Current, 


10H Min. 


NO 


—_ ~-_ 

Ww ‘ << 

wn oa) =O 
on 

i | > N 

ND NO NO i=) 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


0.5, 4. 


on 


Oo 
=> 
[Sa] 


Input Low 
Voltage, 
Vit Max. 


oa 


Rs a 
Input High 
Voltage, 

ViH Min. 14.5,13.5 

Input Current 
lin Max. 


0 10 20 30 40 50 60 70 80 86 


83-91 

(2.108 -2.311) 
CD4724BH 

DIMENSIONS AND PAD LAYOUT 


Jimensions in parentheses are in millimeters and 
re derived from the basic inch dimensions as 
ndicated. Grid graduations are in mils ( 10-3 inch). 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply to D,F,H Packages 
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92CM - 30918 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CD4724B Types 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 


15 
AMBIENT TEMPERATURE (Ta)? 25°C 1} 
ssee 


«4 


eeaaea r+ e0ena 


92CS-24521R2 


Fig.7 — Minimum output high (source) 
current characteristics. 


Fig. 8 — Typical propagation delay time 
(data to Qn) vs. load capacitance. 


AMBIENT TEMPERATURE (Ta)°25°C 


@ 
‘4 
‘i 
=x 
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= 
bey 
2 
x 
= 
# 
— 
g 
= 
Fi 
= 


t) 20 400—tCi«COs—“‘<ié‘éa:~«SO 
LOAD CAPACITANCE (C.)— pF 
92C$-243522 
Fig. 9 — Typical transition time vs. load 
capacitance. 


§] AMBIENT TEMPERATURE (Tag )* 25°C 
2| ————LOAD CAPACITANCE (CL)*15 pF 


2 103 
ADORESS CYCLE TIME —yps 


92CS-27680 


Fig.10 — Typical dynamic power dissipation vs. 
address cycle time. 
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CD4724B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25° C, C, = 50 pF, 


Input t,, t¢ = 20ns, Ry = 200 KQ. 


CHARACTERISTIC 


Propagation Delay: tp, py. 
‘PHL 
Data to Output, 

WRITE DISABLE 


to Output, toy 4, 


"PHL 


Reset to Output, 


'PHL 
Address to Output, 


: 
‘se ¥ 


'PLH. 


tPHL 
Transition Time, 


(Any Output) 


Minimum Pulse 
Width, tw 
Data 


Address 


Minimum Setup 
Time, ts 
Data to WRITE DISABLE 
Minimum Hold 
Time, ty 
Data to WRITE DISABLE 


Input Capacitance, Cijy Any Input 
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Fig. 15— Master timing diagram. 
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Voo 
INPUTS 
° 
Vss 


92C3- 27401R1 Vss 


Fig. 11— Quiescent device current 
test circuit. 


INPUTS OuTPUTS 
Vin 
Ne bi 
°o a 
Vin aL 
NOTE: 


TEST ANY COMBINATION 


Voo 
$s OF INPUTS 


v 


92CS-27441RI 
Fig. 12— Input voltage test circuit. 
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Voo NOTE 

Sor) MEASURE INPUTS 

° SEQUENTIALLY, 

Vss TO BOTH Vop AND Vss: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss° 


Voo 
Yss 


92CS- 27402 


Fig. 13— Input current test circuit. 
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Fig. 14— 1 of 16 decoder/demultiplexer. 
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Fig /6— Multiple selection decoding — 4 x 4 
crosspoint switch. 
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>MOS 32-Stage Static Left/Right Shift 


Register 


The RCA-CD40100B is a 32-stage shift reg- 
ster containing 32 D-type master-slave flip- 
lops. 

[he data present at the SHIFT-RIGHT INPUT 
s transferred into the first register stage syn- 
hhronously with the positive CLOCK edge, 
yrovided the LEFT/RIGHT CONTROL is at 
1 low level, the RECIRCULATE CONTROL 
s at a high level, and the CLOCK INHIBIT 
s low. If the LEFT/RIGHT CONTROL is at 
1 high level and the RECIRCULATE CON- 
TROL is also high, data at the SHIFT-LEFT 
NPUT is transferred into the 32nd register 
tage synchronously with the positive CLOCK 


High-Voltage Types (20-Volt Rating) 


Features: 
Fully static operation 
Shift left/Shift right capability 
Multiple package cascading 
Recirculate capability 
LIFO or FIFO capability 
Standardized, symmetrical output 
characteristics 
100% tested for quiescent current at 20 V 
Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (full package-temperature 
range) = 
1VatVpp=5V 


CD40100B Types 


LEF T/RIGHT 
CONTROL 


RECIRCULATE 
CONTROL 


92CS- 27567 


FUNCTIONAL DIAGRAM 


Applications: 


® Serial shift registers 

® Time delay circuits 

® Expandable N-bit data storage stack 
(LIFO operation) 


2V at Vpp = 10 V 
2.5 V at Vpp = 15 V 
@ 5-V, 10-V, and 15-V parametric ratings 
® Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘’Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


ransition, provided the CLOCK INHIBIT is 
ow. The state of the LEFT/RIGHT CON- 
TROL, RECIRCULATE CONTROL, and 
SLOCK INHIBIT should not be changed 
when the CLOCK is high. 


Jata is shifted one stage left or one stage 
ight depending on the state of the LEFT/ 
31GHT CONTROL, synchronously with the 
yositive CLOCK edge. Data clocked into the 
irst or 32nd register states is available at the 
SHIFT-LEFT or SHIFT-RIGHT OUTPUT 
espectively, on the next negative CLOCK 
ransition (see Data Transfer Table). No 
hifting occurs on the positive CLOCK edge 
f the CLOCK INHIBIT line is at a high 
evel. With the RECIRCULATE CONTROL 
ow, data in the 32nd stage is shifted into the 


first stage when the LEFT/RIGHT CON- 
TROL is low and from the 1st stage to the 
32nd stage when the 
TROL is high. 


The CD40100B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(D and F suffixes), 16-lead dual-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


LEFT/RIGHT CON- 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vos Terminal) .......... cece cee ee rece cece cee ee rene eeseeaees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS. <sccisvatncerraves inti serawiesaueseusasionss -0.5 to Vpp +0.5 V 
DG INPUT CLIRRENT, ANY ONE GPU xv seo xtccurnieeiwnesdersieivcctasuckaaseentiadenseeuac +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = -40 to +60°C (PACKAGE TYPE E) .......- se cee cece eee eee eet e eee ee en een eenees 500 mW 

For T, = +60 to #65°C (PACKAGE TYPE E) i causccecniaatanaes Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) .....-. 0. ese ee cece eee eee e eee ee ee eee eens 500 mw 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package TVOGS) sccnssevevsiseess vaaews 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES ©. FU secu saptavnccr eu esdeeseessetsues ere eusneses eeneedsseces -55 to +125°C 

PACKAGE TYPE © 60514s cdedusddavexeseeas pteat tee seme retenss daueexnesyesersan saws -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) is DAGON RE Awe AOE KAS YSETE OSS Oe eR wRE Re RedeRs -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ....... cece eee eee teen +265°C 


saeceen 
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Fig. 1 — Typical output low (sink) 
current characteristics. 
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Fig. 2 — Minimum output low (sink) 
current characteristics. 
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CD40100B Types 
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Fig. 4 — Timing diagram defining setup, hold, and propagation delay times. 
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Fig. 5 — Typical output me ene 


current characteristics. 
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Fig. 6 — Minimum output high (source) 
current characteristics. 
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Fig. 7 — Typical propagation delay time 
(CLOCK to SHIFT LEFT/RIGHT) 
as a function of load capacitance. 
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OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 
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92CS- 28796 


92CS- 24322 


Fig. 8 — Typical transition time as a function 


of load capacitance. 


CD40100B Types 


8] AMBIENT TEMPERATURE (Ta )* 25°C 
4| LOAD RESISTANCE (R,)#200 KQ. | 
INPUT RISE & FALL TIME 


RECOMMENDED OPERATING CONTITIONS at Tq = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditione should be selected so that operation 


2 (t, .t¢ )®20ns 
is always within the following ranges: = 108 . oi 
= 
CHARACTERISTIC D eeu UNITS =* 
v) | Min, | Max._| zat 
Supply-Voltage Range (For T, = Full Package- 3 y s aL 
Temperature Range) 2 2 
= oO —s 
8 ———(C, 2 
2 § Soot sae 


Data Setup Time, ts 


ro) 
Rv 


2.4 aes 2 oF 5a" 4 +9 3" 4 oe od #8 of 

: CLOCK INPUT FREQUENCY (f¢, )—KHz 

Data Hold Time, ty . | . 92C$ - 20797 
Fig. 9 — Typical dynamic power dissipation 


as a function of CLOCK frequency. 
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Clock Input Frequency, fo, 


Clock Input Rise or Fall Time, t-CL, teCL 


Clock Input Pulse Width: 
Low Level, tyr 


High Level, twy 


—_ —«_d —_ =a —_ a —_ xa a= 
aAaoanlooonahmoaoaono uo ad = 
—, 
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92°05-2740IRI 


CONTROL TRUTH TABLE Fig. 10 — Quiescent-device-current test circuit. 


CLOCK RECIRCULATE INPUT BIT 
INHIBIT CONTROL neon ORIGIN 


LEFT/RIGHT 
CONTROL 


INPUTS 
ot Shift right [Shift right input ie oe 
MEASURE INPUTS 
0 Shift right Stage 32 o- (z) SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vsg; 
a ee ri 
© —— Vpp OR Vss: 
Vss 


DATA TRANSFER TABLE* 92CS-27402 


INITIAL STATE CLOCK RESULTING STATE 

CLOCK INTERNAL LEVEL INTERNAL OUTPUT 

INHIBIT STAGE CHANGE STAGE Q 
ee ae ee ee 
ee a ee el 


Fig. 11 — Input-current test circuit. 


INPUTS OUTPUTS 


No fo 
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NG 


Vin 
a ae — “oe 
Vin . 
0 = Low level 1=Highlevel xX = Don't care NC = No change ~ 
* For Shift-Right Mode NOTE: 
Data Input = SHIFT-RIGHT INPUT (Term. 11) For Shift-Left Mode Vss anion 
Internal Stage = Stage 1 (Q4) Data Input = SHIFT-LEFT INPUT (Term. 6) 92CS-27441RI 
Output = SHIFT-LEFT OUTPUT (Term. 4) Internal Stage = Stage 32 (Q35) 
Output = SHIFT-RIGHT OUTPUT (Term. 12) Fig. 12 — Input-voltage test circuit. 
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CD40100B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25; +85 Apply to E Package 


UNITS 
Vo VIN ae 
> ae [a0 [oe [a 


Quiescent ie oa 
Current, 


| = | 9,20] 20 | 100 | 
OutputLow | 04 | 05] 5 | 0.64 | 
ink) Current [05 [o10] 10 | 1.6 | 
lo Min’ is [ors] 15 
Output High | 4.6 | 
(Source) 
Current, 


Output Voltage: 
Low-Level, 


High-Level, 
VOH Nin. 


Input Low 
Voltage, 
Vit Max. 


Input High 


Voltage, 
ViH Min. 


Oo 10 20 30 40 50 60 70 80 90 a Te) 
| | 


87-95 
(2.210-2.403) 


= 


| ‘ 4-10 
(2.717-2.921) 92CS- 28798 


Dimensions and pad layout for CD40100BH. Dimensions in parentheses are in eullineters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~3 inch). 
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The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CD40100B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C, Input t,, t¢ = 20 ns, 
C, =50 pF, Ry = 200 kQ 


CHARACTERISTIC 


Propagation Delay Time: 
Clock to Shift Left/Right 


Output, tPLH: tPHL 


Transition Time, We. TTL 


Minimum Data Setup Time, ts 


Minimum Data Hold Time, ty _ 


Maximum Clock Input Frequency, fey 


Minimum Clock Input Pulse Width: 
Low Level, tw. 


High Level, tw 


Input Capacitance, Cj py Any Input 


NC 
RECIRCULATE CONTROL 


NC 


nc— !° Yoo 
CLOCK INHIBIT 1 2 NC 
cLock | 3 NC 
SHIFT LEFT OUT —{ 4 LEFT/RIGHT CONTROL 
nc— 5 SHIFT RIGHT OUT 
SHIFT LEFT IN 6 SHIFT RIGHT IN 
tc 
8 


Vss 


TOP VIEW 
NC=NO CONNECTION 


92CS- 27568 


TERMINAL ASSIGNMENT 


383 


CD40101B Types 


CMOS 9-Bit Parity 
Generator/Checker 
High-Voltage Types (20-Volt Rating) 


The RCA-CD40101B is a 9-bit (8 data bits 
plus 1 parity bit) parity generator/checker. 
It may be used to detect errors in data trans- 
mission or data retrieval. Odd and even 
outputs facilitate odd or even parity genera- 
tion and checking. 

When used as a parity generator, a parity 
bit is supplied along with the data to generate 
an even or odd parity output. 

When used as a parity checker, the received 
data bits and parity bits are compared for 
correct parity. The even or odd outputs are 
used to indicate an error in the received 
data. 

Word-length capability is expandable by 
cascading. The CD40101B is also provided 
with an inhibit control. If the inhibit control 
is set at logical ‘’1’’, the even and odd out- 
puts go to a logical ‘’0”’. 

The CD40101B types are supplied in 14- 
lead dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


TERMINAL ASSIGNMENT 


TOP VIEW 


92CS-27398 


BIC O 

-_ 
020% | >e 

) > 

03044 o 

) > 
04044 Do 
002! So 

) > 

Ww 

060 0 
poll ss 
p8 04} Se 
D904 do 


Features: 
= 100% tested for maximum quiescent 
current at 20 V 
= Maximum input current of 1 yA at 
18 V over full package-temperature 
range; 100 nA at 18 V and 25°C 
® Noise margin (full package-temperature 
range): 1VatVpp=5V 
2 V at Vpp = 10 V 
2.5 V at Vpp = 15. V 
= 5-V, 10-V, and 15-V parametric ratings 
w Standardized, symmetrical output 
characteristics 
= Meets all requirements of JEDEC 
Tentative Standard No.13A, “Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices.” 


92CS-273597 


FUNCTIONAL DIAGRAM 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vsg Terminal) ......... cee e eee eee e eee e ene e nee tee eee eenes -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ..........ccccccnccccscccrcnccenccccsccvens -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ........... cc cece cece cece cence eee eeee reece neencnece +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -40 to +60°C (PACKAGE TYPE ©) cncccsscssasevsnsccsaren ex eecntuvennneanaegedn ees 500 mW 

For Ty = +60 to +85°C (PACKAGE TYPE E) sccncconssssinssces Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +#100°C (PACKAGE TYPES D, FW) ccvicaccccecectadascvesasseiasewswedeseuns 500 mW 

For Ta, = +100 to +125°C (PACKAGE TYPES D,F, KK) .......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............-eeeeeeee 100 mW 
OPERATING-TEMPERATURE RANGE (T a): 

PACKAGE TYPES DFA cscoceccscdacavdsedns bee tievs wotcedesskadeasccennatnewes -55 to +125°C 

PACKAGE TYPE E cnc codadcncdindy oe dee 8oseeess ie SISSe1 Senne ea eeeOTR EERIE Se Dow dES-<S © -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tytg) see ee eee ee cere eee eee eee eee e eee e cence ene ees -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ......... ee eee ee eee ee eee +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


LIMITS 


Supply-Voltage Range (For Ta = 
Full Package-Temperature Range) 


Truth Table 


Yoo 
X = Don’t Care 
a Logic 1 = High 
Logic 0 = Low 
prorecreo ey VSS 
COS/MOS PROTECTION 


NETWORK 


92CM-29038 


Fig.1 — CD40101B logic diagram. 
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CD40101B Types 


STATIC ELECTRICAL CHARACTERISTICS freraiieviveriveurnmrnncas: 


wentrettss 
LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 
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Fig.2 — Typical output low (sink) 


Output High current characteristics. 
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Output Voltage: 
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Output Voltage: 
High-Level, 
VOH Min. 
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OUTPUT LOW (SINK) CURRENT (I 


Input Low 
Voltage, 
Vit Max. 


92CS -24319R1 
Input High 
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VIH Min. 


Input Current 
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Fig.3 — Minimum output low (sink) 
current characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t,, t = 20 ns, 
Cy = 50 pF, Ru = 200 kQ 


CHARACTERISTIC 


OUTPUT HIGH (SOURCE) CURRENT(LoH)—mA 


92CS-24320R3 


Data Propagation Delay Time, 
tPHL. tPLH 


Fig.4 — Typical output high (source) 
current characteristics. 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
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asseee 
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Fig.5 — Minimum output high (source) 
current characteristics. 
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CD40101B Types 
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DYNAMIC POWER DISSIPATION ( Pp) —pW 


- 
2 
= "Aa 
a id 4 
a ’, 
i x A Ae | Ly ll 
z ot Ze | A i 
- CET 1S Ser Sone os 
4 (Au / (ey 4s ee See eS 
8 mar, dil anil ee a 
AY TTT 1 
rT AT ETE TT 
meeseseas: 10 ad fll 
STSRRSESTA ASAT RATE ERREES Hott 2 468 4 j 66 2 468 46 
fe) 20 40 100 1 10 102 103 104 10 
LOAD CAPACITANCE (C.)-pF Seas ia LOAD CAPACITANCE (C, )— pF ee INPUT FREQUENY (1yy)—"BME ois. as0st 
Fig.6 — Typical propagation delay time as a function Fig. 7 — Typical transition time as a function Fig. 8 — Typical dynamic power dissipation as 
of load capacitance. of load capacitance. a function of input frequency. 
Yoo Yoo 
INPUTS INPUTS OUTPUTS 
NOTE Vin 
Yop MEASURE INPUTS a + 
ae One SEQUENTIALLY, 6 y, 
- TO BOTH Vpp AND Vss: Vit 
Vss CONNECT ALL UNUSED = 
INPUTS TO EITHER 
‘!pp OR Vgs: NOTE: 
Vss Vss TEST ANY 
COMBINATION 
= 92C5 -29036 92CS- 2740iRI Vss 92CS- 27402 92CS-27441Ri OF INPUTS 
Fig.9 — Dynamic power dissipation Fig.10 — Quiescent-device- Fig.11 — Input-leak age Fig.12 — Input-voltage 
test circuit. current test circuit. current. test circuit. 
DIMENSIONS AND PAD LAYOUT FOR CD40101B 
(@) 10 20 30 40 50 60 °° 
72-80 
(1.829-2.032) 
me 4-10 
(0.102-0.254) 
= ae (6S Th oa 92CS-29037 
(1.600 —1.803) 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of Dimensions in parentheses are in millimeters and 
cleavage may vary with respect to the chip face for are derived from the basic inch dimensions as in- 
different chips. The actual dimensions of the isolated dicated. Grid graduations are in mils (10~3 inch). 


chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


re ee ee 
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CMOS 8-Stage 


Presettable Synchronous ® Synchronous or asynchronous preset 


Down Counters 


High-Voltage Types (20-Volt Rating) 


CD40102B — 2-Decade BCD Type 
CD40103B — 8-Bit Binary Type 


The RCA-CD40102B, and CD40103B con- 
sist of an 8-stage synchronous down counter 
with a single output which is active when the 
internal count is zero. The CD40102B is con- 
figured as two cascaded 4-bit BCD counters, 
and the CD40103B contains a single 8-bit 
binary counter. Each type has control inputs 
for enabling or disabling the clock, for clear- 
ing the counter to its maximum count, and 
for presetting the counter either synchro- 
nously or asynchronously. All control inputs 
and the CARRY-OUT/ZERO-DETECT out- 
put are active-low logic. 


In normal operation, the counter is decre- 
mented by one count on each positive tran- 
sition of the CLOCK. Counting is inhibited 
when the CARRY-IN/COUNTER ENABLE 
(CI/CE) input is high. The CARRY-OUT/ 
ZERO-DETECT (CO/ZD) output goes low 
when the count reaches zero if the CI/CE 
input is low, and remains low for one full 
clock period. 


When the SYNCHRONOUS PRESET-ENA- 
BLE (SPE) input is low, data at the JAM in- 
put is clocked into the counter on the next 
positive clock transition regardless of the 
state of the CI/CE input. When the ASYN- 
CHRONOUS PRESET-ENABLE (APE) in- 
put is low, data at the JAM inputs is asyn- 
chronously forced into the counter regard- 
less of the state of the SPE, CI/CE, or 
CLOCK inputs. JAM inputs JO-J7 represent 
two 4-bit BCD words for the CD40102B and 
a single 8-bit binary word for the CD40103B. 


When the CLEAR (CLR) input is low, the 
counter is asynchronously cleared to _ its 
maximum count (9919 for the CD40102B 
and 25519 for the CD40103B) regardless of 
the state of any other input. The precedence 
relationship between control inputs is indi- 
cated in the truth table. 

If all control inputs except CI/CE are high at 
the time of zero count, the counters will 
jump to the maximum count, giving a count- 
ing sequence of 100 or 256 clock pulses long. 


The CD40102B and CD40103B may be cas- 
caded using the CI/CE input and the CO/ZD 
output, in either a synchronous or ripple 
mode as shown in Figs.21 and 22. 


The CD40102B and CD40103B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


CD40102B, CD40103B Types 


Features: 


= Medium-speed operation: fc. = 
3.6 MHz (typ.) @ Vpp = 10 V 
® Cascadable 
= 100% tested for quiescent current at 20 V 
= Maximum input current of 1 vA at 18 V 


over full package-temperature range; 100 
nA at 18 V and 25°C ore 


® Noise margin (full package-temperature : aes 
range)= 1VatVpp= 5V 

2 V at Vpp = 10 V 

2.5 V at Vpp = 15 V 


® Standardized, symmetrical output 
characteristics 


# 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Ten- 
tative Standard No.13A, ‘Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices”’ 

Applications: 

® Divide-by-’’N” counters 
® Programmable timers 

® Interrupt timers 

® Cycle/program counter 


92CS~- 2881! 


CD40102B, CD40103B 
FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS AT Ta = 25°C, Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be selected so that operation 


is always within the following ranges. 
LIMITS 
V 


al Tere 
Supply Voltage Range (At Ta = Full Package- 

ccs 
) F 
Hina 

15 

5 
HHS 

TS 100 


3 
300 
Clock Pulse Width, tw 
80 
320 
5 360 
10 160 ns 
15 120 
5 0.7 
10 1.8 MHz 
15 2.4 
5 
10 
15 
5 
10 
15 
5 
10 
15 


Clear Pulse Width, ty 


APE Pulse Width, ty 


Clock Input Frequency, fo, 


Clock Rise and Fall Time, t,CL, t¢CL 


SPE Setup Time, tsu 


280 

140 

100 

200 

80 
60 
5 500 

10 250 ns 

1 150 


Jam Setup Time, tsy 


CI/CE Setup Time, tsy 
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CD40102B, CD40103B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ......... cece cece eee ee eee teen ete een ee ene en ees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ..........cccccceccc ccs cnccensccseenccennce -0.5 to Vpp +0.5 V 
DC INPUT GURRENT, ANY ONEINPUT cccsccwscceisicisasawiwsnsendeatendas ones enexnceerees +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T , = -40 to +60°C (PACKAGE TYPE E) ........ 0.0 seeee eee ee rete rennet eee en eee en eects 500 mW 

For T, = +60 to #65°C (PACKAGE TYPE E) cscs cnnsvenccciens Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES OF) wove donvesstanceenendenetes Shine sense tess 500 mW 

For T, = +100 to +125°C (PACKAGE VYPES O,F, BR): aviceavnen Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ty = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .......-----eseeeeeees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D.F,K,M ccccadvcdstvcrerdanesenetes¥eessaee ed den cause ca enssed eas -55 to +125°C 

PACKAGE TYPE © csikcakcaccetncdavdsducddeGaatr ened thie Rene see6 en ease iwes seOenev ews -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) «.------ see e eter eerste nett terete nee e eer ees -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ........ 6c cece ee eee eee +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


Vo 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Pac 
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92CS-24318R3 


Fig. 1 — Typical output low (sink) current 
characteristics. 
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Fig. 2 — Minimum output low (sink) current 
characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, C,; = 50 pF, 
Input t,, ts = 20 ns, Ry = 200 kQ2 


a Conditions Limits 
Characteristic 
Vpp All Packages 


Propagation Delay Time (tpHL, tPLH): 


Clock-to-Output (See Fig. 6) 


Ld 
ec 
| 
=x 
a) 
- 
sd 
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2) 
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x 
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Carry |In/Counter Enable-to-Output 


LOAD CAPACITANCE (C,_)— pF 
92CS- 24322 


Asynchronous Preset Enable-to-Output Fig. 5 — Typical transition time as a function of 
load capacitance. 
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Clear-to-Output 


Transition Time (tTHL,tTLH) 


| 
¢ 
¢ ¢ 


PROPAGATION DELAY TIME (tpH_, tPLH)— ns 


i 
Minimum Clock Pulse Width, (ty) i 
SSSS TESTESSESSSESESEESEM CD ecessoo-- cscs 
8 Bete arn ter ETE 
Minimum ECR Pulse Width (ty) SERRE EEE HAL FERRER EE HE PAE ease 
Bas HSEe8 
Adee te GRU eta ae e aera ane ttaaeee 

\ 20 30 40 sO 60 70 60 30 100 


Minimum APE Pulse Width (ty) LOAD CAPACITANCE (C,)—pF 
92CS - 26816 
Fig. 6 — Typical propagation delay time as a func- 
tion of load capacitance (clock ta CO/ZD). 


Minimum APE Removal Time (try) 
AMBIENT TEMPERATURE (Ta)* 25°C 
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Minimum SPE Set-Up Time (tsy) 
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Minimum CI/CE Setup Time (tsty) 
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Minimum JAM Set-Up Time (tsi) 
(Synchronous presetting) 
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Maximum Clock Input Frequency (fc, ) 
(See Fig. 7) 


SUPPLY VOLTAGE (Vpp)—V 
92CS - 26617 


Fig. 7 — Typical maximum clock input frequency 


Input Capacitance (C;j) : as a function of supply voltage. 
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Fig. 8 — Typical dynamic power dissipation as a Fig. 9 — Quiescent device : —- ; 
current test circuit. Fig. 10 — Input voltage test circuit. Fig. 11 — Input current test circuit. 


function of frequency. 
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= es ect *F (MSB) 
A 


MSD 


CARRY OUT/ 


ZERO DETECT 
Voo 
x 
ALL INPUTS ARE 
PROTECTED BY COS/MOS 
PROTECTION NETWORK 
92CL-288/2RI 


Vss 


Fig. 12 — Logic diagram for CD40102B. 
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Vop 


—~ 
To /\ 
FFI-FF7 


CARRY OUT/ 
ZERO DETECT 


Voo 
* aLL INPUTS ARE 
PROTECTED BY COS/MOS 
PROTECTION NETWORK 
Vss 92CL -28813R2 


Fig. 13 — Logic diagram for CD401038B. 


TRUTH TABLE 
MODE 
Synchronous 


x Preset on next positive 
clock transition 


Asynchronous | Preset asynchronously 


Clear to maximum count 


2. Clock connected to clock input 


Notes: 1. O= aid level 3. Synchronous operation: changes occur on negative-to- 
1 = High level positive clock transitions 
X = Don’t care 4. JAM inputs: CD40102B BCD; MSD = J7,J6,J5,J4 (J7 is MSB) 


LSD = J3,J2,J1,JO (J3 is MSB) 
CD40103B Binary; MSB = J7, LSB = JO 
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TO GATING 


TO GATING 


CLR 


92CM- 28814 


14 — Detail logic diagram for flip-flops, FFO — FF7, 
used in logic diagrams for CD40102B and CD40103B. 


Fig. 
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Fig. 15 — Timing diagram for CD40102B and CD401038B. 
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ASYNCHRONOUS PRESET ENABLE 


92CS-28B82IR) 


CD40102B, 
CD40103B 


TERMINAL ASSIGNMENT 


92CS-28819 


Fig.16 — Maximum clock frequency 
test circuit. 


> COUNT DOWN 


oO PRESET 


N= TIME OUT x fin 
92CS-27714RI 


Fig.19 — Programmable timer. 


CLOCK HCI/CE CO/ZDh P{CL/CE CO/ZDh fcIce coz} CASCADE 
CLOCK | CLOCK | CLOCK 

INPUT 

CLOCK 


Yss Vss 
92CS-277I7 


Fig.22 — Ripple cascading. 
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92CS- 28820 


Fig.17 — Dynamic power dissipation test circuit 


FROM 
MICROPROCESSOR 
DATA 

BUS 


PRESET TIMER 
(1/0 COMMAND) 


Dimensions and pad layout for CD40102B. 
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0.102-0.254) 15 -123 


(2921-3.124) 


92CM-35088 


(= 2 mode). 


TO 
MICROPROCESSOR 
INTERRUPT LINE 


92CS-27715 


Fig.20 — Microprocessor interrupt timer. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils ( 10-3 inch). 


fouT = 
fin =(N+41) 


92CS-27713 


Fig.18 — Divide-by-’’N” counter. 


cp4o718" 
OK -—{CI/CE CO/ZD}—{CI/CE CO/ZD}—{cI/CE cO/ZD 
CLOCK z CLOCK Hl c100K) 
INPUT CASCADED 
OUTPUT 


CLOCK 


92CS-27716RI 


* An output spike (160 ns @ Vpp = 5 V) occurs 


whenever two or more devices are cascaded in 
the parallel-clocked mode because the clock-to- 
carry out delay is greater than the carry-in-to- 
carry out delay. This spike is eliminated by 
gating the output of the last device with the 
clock as shown. 


Fig.21 — Synchronous cascading. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD40103B. 
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CMOS 4-Bit Bidirectional 
Universal Shift Register 


High-Voltage Types (20 Volt Rating) 


OUTPUT 
ENABLE 


The RCA-CD40104B is a universal shift 
register featuring parallel inputs, parallel 
outputs, SHIFT RIGHT and SHIFT LEFT 
serial inputs, and a high-impedance third 
Output state allowing the device to be us- 
ed in bus-organized systems. 


In the parallel-load mode (SO and S1 are 
high), data is loaded into the associated 
flip-flop and appears at the output after 
the positive transition of the CLOCK in- 
put. During loading, serial data flow is in- 
hibited. Shift-rignht and shift-left are ac- 
complished synchronously on the 
positive clock edge with serial data 
entered at the SHIFT RIGHT and SHIFT 
LEFT serial inputs, respectively. Clearing 
the register is accomplished by setting 
both mode controls low and clocking the 
register. When the output enable input is 
low, all outputs assume the high im- 
pedance state. 


The RCA-CD40194B is a universal shift 
register featuring parallel inputs, parallel 
outputs SHIFT RIGHT and SHIFT LEFT 
serial inputs, and a direct overriding clear 
input. In the parallel-load mode (SO and S1 
are high), data is loaded into the 
associated flip-flop and appears at the 
output after the positive transition of the 
CLOCK input. During loading, serial data 
flow is inhibited. Shift right and shift left 
are accomplished synchronously on the 
positive clock edge with data entered at 
the SHIFT RIGHT and SHIFT LEFT serial 
inputs, respectively. Clocking of the 
register is inhibited when both mode con- 
trol inputs are low. When low, the 

input resets all stages and forces all out- 
puts low. 


Features: 


Medium-speed: fcL = 
(typ.) @ Vpp = 10 V 
es static operation 


12 MHz. 


ree-state outputs (CD40104B) 


Standardized, symmetrical output 
characteristics 

5-V, 10-V, and 15-V parametric 
ratings 

Meets all requirements of JEDEC 
Tentative Standard No. 13A, ‘“‘Stan- 
dard Specifications for Descrip- 
tion of ‘B’ Series CMOS Devices 


Applications: 

@ Arithmetic unit bus registers 

@ Serial/parallel conversions 

= General-purpose register for bus- 
organized systems 

@ General-purpose registers 


The CD40104B and CD40194B types are 
supplied in 16-lead ceramic dual-in-line 
packages (D and F suffixes), 16-lead dual- 
in-line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and inchip 
form (H suffix). 


The CD40194B is similar to industry types 
340194 and MC40194. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vss Terminal) .......... 


Oe 


abl lp Sethe parallel or serial operation 


Asynchronous master reset (CD40194B) 


-0.5 to +20 V 


INPUT VOLTAGE RANGE, ALL INPUTS cascssnvccevvavaes ivews ccssenevennvouww ee sis -0.5 to Vpp +0.5 V 


Be POP CURRENT ICY OME ING UL 564.65 Sat ea eas eseingetan her eies utes ee ee rte dhensianaes +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T , = -40 to +60°C (PACKAGE TYPE E) ..........c ce sec eee e cece cere ence cee ecereeeseseees 500 mW 

For T , = +60 to +85°C (PACKAGE TYPE E) .................. Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) ..........ccccecececccr er eeecesceneeeneeee 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................-.-0- 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PRRs Pires OD, Fi. Ot. axéxdenesetanccbecuunonne se5ven wesieadtesedweniersoua sas -55 to +125°C 

PRL ae, De © wap covedetheotausantikenee cues horses hdest eoaeerisuassheamaenears -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) ebeepssamexenscatgudanssevucaeeeudeewoente rs -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ........... cece eee cence +265°C 


394 


SHIFT 
IN 
MODE 
SELECT 
Vop =!6 


Vege@ CLOCK 


92cs-24816R2 ©D40104B 
FUNCTIONAL DIAGRAM 


MODE 
SELECT Vpp =!6 


Vss *8 


S; 


92CS-24822R2 
CLOCK 


CD40194B 
FUNCTIONAL DIAGRAM 


esas 
geist 


25 


e= 
+4 Hae 
AT 


nN 
sees 
t 
e 
+ HH [ 
soceseee 
ic sceescceeessessccescs 


A Et a) an 
azese saccceccceeecucea 8 


Ho 


oo 


OUTPUT AOW (SINK) CURRENT (Ip) —mA 


5 
DRAIN-TO-SOURCE VOLTAGE (Vps)—-V 


Fig. 1—Typical n-channel output low (sink) 
current characteristics. 
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DRAIN-TO-SOURCE VOLTAGE a 92CS -24319R1 
Fig. 2— Minimum n-channel output low (sink) 
current characteristics. 
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RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. BRAS HEO SOURSE NENIBEE Wage eY 


“15 ~10 


For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


Limits 
CHARACTERISTIC Ee Wy. Min. | Max] UNITS 


Nwituriweneettetecs sess 
HHHttt+++ GATE -TO-SOURCE VOLTAGE (Wes) “Sv 
pepe on 


ian 
He 


DO, D3, SRIN, SLinto clock HH scddeasoudaster cet sttsivesioci 


Soseeseueuecuass eueeneas sees seraser. e “15 
Supply-Voltage Range For PackageTemperature Range) |__| 3 | wl v] fa ee 
; 5 - sececeecuacescssseeseuae : Set ctr 
Setup Time, ts 10 scscesuetscceccnees seees ceeee ees? cescccesacesssim 
. 


Ritter it 
H PH Hitt tH eae susesess 

Sef fsrel att EEE 
Ae att 
a e e eee 
Sa ERE Hee 


Fig. 3—|Typical p-channel output high eodrae) 
current characteristics. 
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Fig. 4—Minimum p-channel output high h (source) 


Reset Pulse Width, . current characteristics. 


AMBIENT TEMPERATURE (Tg )=25°CIt? 
J z 


aes Sear itt 


* For CD40194B series only. 
CONTROL TRUTH TABLE FOR CD40194B SERIES 


PHL) —ns 


it 
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= 100 tt esses oH 
eg inane eee 


ie) 100 
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: function of load capacitance, 
above, but outputs assume high (CLOCK to Q). 
impedance 


CONTROL TRUTH TABLE FOR CD40194B SERIES 


MODE a 
RESET ACTION 


Ae ae 
ptf 8 | 4 | Shite Right (@0 toward 3) 
roe aces aan TT 
i itt OE RS OE "Te 
a oe ee 


Don’t care Fig. 6 —Typical transition time as a function 
Level change of load capacitance. 


o 
ec 
| 
=x 
- 
= 
= 
2 
x 
= 
WwW 
2 
= 
z 
° 
= 
ny 
z 
<a 
« 
i oa 


0 20 40 80 100 
LOAD CAPACITANCE (C.)— pF 


92CS-24322 


1 = High level = 
= Low level = 


395 


CD40104B, CD40194B Types 


SHIFT RIGHT 
INPUT 


*@ 


OUTPUT C 
ENABLE 


* O—\>-—_-« i 


Q@3 
iS 


eL 

D f> 

G 

*@ > Yoo 
Vv 
ad ld ais * INPUTS PROTECTED BY 
: COS/ MOS PROTECTION 
NETWORK 

Ee 

iM . 
— 


92CL -32265 


Fig. 7—CD40104B logic diagram. 
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* INPUTS PROTECTED BY 
COS/ MOS PROTECTION 
NETWORK 


Fig. 8—CD40194B logic diagram. 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES 
CONDITIONS 


AMBIENT TEMPERATURE (Ta, )=25°C 
LOAD CAPACITANCE (C, )=50 pF 
[———— (C_)=15 pF 


(°C) 

Values at —55, + 25, + 125 Apply 
to D, F, K, H Packages 

Values at —40, +25, +85 Apply to E 
Package 


CHARAC: 
TERISTIC 


TYPICAL DYNAMIC POWER DISSIPATION(Pp)- pW 


Vo | VIN 
(V) | (V) +85 |+125 Min. | 
; 6G, ? 46822 466732 468, 
Quiescent Le [es | S| 150 | 150 ee | 7 SRERUIENGN- ie ° ° 
Device [— oto] 10 | 10 | 10 | 300 | 300 | — | P ses see 
Current, | 20 | 20 | 600 | 600 | — | Fig. 9—Typical power dissipation as a function 
Ipp Max. [0,20 3000 | —_ of frequency. 
Output Low| 0.4 | 0,5 | | 0.64 | 0.61 | 0.42 | 0.36 | 0.51 | 
sin) = [05 foro | 16] 15 | 14 [09 [13 
at pe [+ [oe | 
lot Min. 
Output 
High —0.61+—0.42 0.36 |—0.51 
(Source) | 25 | | —2 | —1.8 |—1.3 | 1.15|—1.6 
Current, [95 | —11|—09 |=13 
lon Min. | 73. =42| —4 [=28 [-24|=34 


< 
—_— Sa © — oe 4 —_ po at, | a= 


it ly -) “s+ | + 
_— 
no} a 


Output Volt- 0,5 | — | 
age: Low: 0.08 
vou, | ff | 
Output Von} — [os |S | 485 —~«*d 
ae CN 


Input Low 
Voltage, 
VitMax. 


92CS-32283 


Fig. 10—Dynamic power dissipation test circuit. 


Cs hoe Le a ee ke Ee oe 


Leakage 
Current, 
loUT Max. 


92CS- 2740IRI 


Fig. 11—Quiescent-device-current test circuit. 


398 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, 
Input tr, t¢ = 20 ns, CL = 50 pF, RL = 200 k2 


LIMITS 
Me | wn | typ. | ms. | 
Typ 


CHARACTERISTIC 


Propagation Delay Time: 
Clock to Q tPHL, tPLH 


3-State Outputs: 
High Impedance 
tPZH, tPZL, 


Output Transition Time 
tTHL, tTLH 


Minimum Setup Time: 
DO, D3, SRin, SLIN to 
Clock 
SELECT 0, SELECT 1 
to Clock 


Minimum Hold Time: 
DO, D3, SRin, SLIN 
to Clock 
SELECT 0, SELECT 1 
to Clock 


tH 


Minimum Clock Pulse 
Width 


Maximum Clock Input 
Frequency ick 


Maximum Clock Rise or 
Fall Time 
trCL, t¢CL 


Mininum Reset Pulse 
Width * 


Reset Propagation Delay * 
tPRHL 10 
15 


Input Capacitance Cin Any Input C= | 


@ For CD40104B series only. * For CD40194B series only. 
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Fig. 12—Input-voltage test circuit. 
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Fig. 13—Input current test circuit. 
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Dimensions and pad layout for CD40104BH 
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Dimensions and pad layout for CD40194BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10—3 inch). 
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The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CMOS FIFO Register 
4 Bits X 16 Words 
High-Voltage Types (20-Volt Rating) 


The RCA-CD40105B is a low-power first-in- 
first-out (FIFO) “elastic’’ storage register 
that can store 16 4-bit words. It is capable of 
handling input and output data at different 
shifting rates. This feature makes it particu- 
larly useful as a buffer between asynchronous 
systems. 


Each word position in the register is clocked 
by a control flip-flop, which stores a marker 
bit. A “1” signifies that the position’s data is 
filled and a ‘’0’’ denotes a vacancy in that 
position. The control flip-flop detects the 
state of the preceding flip-flop and com- 
municates its own status to the succeeding 
flip-flop. When a control flip-flop is in the 
“0” state and sees a ‘’1’’ in the preceding 
flip-flop, it generates a clock pulse that 
transfers data from the preceding four data 
latches into its own four data latches and 
resets the preceding flip-flop to ‘’0’’. The 
first and last control flip-flops have buffered 
outputs. Since all empty locations ‘‘bubble”’ 
automatically to the input end, and all valid 
data ripple through to the output end, the 
status of the first control flip-flop (DATA- 
IN READY) indicates if the FIFO is full, 
and the status of the last flip-flop (DATA- 
OUT READY) indicates if the FIFO con- 
tains data. As the earliest data are removed 
from the bottom of the data stack (the out- 


put end), all data entered later will automati- 


cally propagate (ripple) toward the output. 


Loading Data — Data can be entered when- 


ever the DATA-IN READY (DIR) flag is 
high, by a low to high transition on the 
SHIFT-IN (SI) input. This input must go low 
momentarily before the next word is accepted 
by the FIFO. The DIR flag will go low 
momentarily, until the data have been trans- 


Features: 


® Independent asynchronous inputs and outputs 

® Expandable in either direction 
= Reset capability 
® Standardized, symmetrical output characteristics 


® 3-state outputs 
@ Status indicators on input and output 


= 100% tested for quiescent current at 20 V 
@ 5-V, 10-V, and 15-V parametric ratings 
@ Maximum input current of 1 uA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 


® Noise margin (over full package-temperature 


range): 1 V at Vpp =5 V 
2 Vat Vpp=10V 2.5 Vat Vpp = 15 V 


# Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


ferred to the second location. The flag will 
remain low when all 16-word locations are 
filled with valid data, and further pulses on 
the SI input will be ignored until DIR goes 
high. 


Unloading Data — As soon as the first word 
has rippled to the output, DATA-OUT 
READY (DOR) goes high, and data can be 
removed by a falling edge on the SO input. 
This falling edge causes the DOR signal to 
go low while the word on the output is 


dumped and the next word moves to the 
output. As long as valid data are available 
in the FIFO, the DOR signal will go high 
again signifying that the next word is ready 
at the output. When the FIFO is empty, 
DOR will remain low, and any further 
commands will be ignored until a “’1°’ marker 
ripples down to the last control register, 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vss Terminal) ........... 
INPUT VOLTAGE RANGE, ALL INPUTS ........... 
DC INPUT CURRENT, ANY ONE INPUT ........... 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = ~40 to +60°C (PACKAGE TYPE E) ....... 
For T, = +60 to +85°C (PACKAGE TYPE E) ....... 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


fe een ne aca cere wa Gnade auc -0.5 to +20 V 
ica eee GEG ale esate che raGaeO shat wo Aai lehan -0.5 to Vpp +0.5 V 
HLM DSO OE OE Ea eee Renee a oe eeuaeDasesee +10 mA 


ee ee Tee Te TTT TT ee ee 500 mW 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .........-.-+.++eee0e- 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D,.F,.K, Al cccscccceicdevassins 
PACKAGE IVPE. © sdccen sexwcntexesins ennannes) 
STORAGE TEMPERATURE RANGE (Tstg) «---++++- 


LEAD TEMPERATURE (DURING SOLDERING): 


iter CL ete eT eee -55 to +125°C 
eer Te Te eee ere Pe ee eee -40 to +85°C 
phewnelvEsb$eetes sh euied ses dnewanen -65 to +150°C 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ......... cece eee eee +265°C 
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CONTROL 


DO 
DI 

D2 
D3 


DATA- OUT 
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READY 
~ Vop =16 


RESET 
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FUNCTIONAL DIAGRAM 


Applications: 


® Bit rate smoothing 

® CPU/terminal buffering 

# Data communications 

@ Peripheral buffering 

® Line printer input buffers 
® Auto dialers 

= CRT buffer memories 

® Radar data acquisition 


when DOR goes high. Unloading of data is 
inhibited while the 3-state control input is 
high. The 3-state control signal should not be 
shifted from high to low (data outputs 
turned on) while the SHIFT-OUT is at logic 
0. This level change would cause the first 
word to be shifted out (unloaded) immedi- 
ately and the data to be lost. 


Cascading — The CD40105B can be cascaded 
to form longer registers simply by connecting 
the DIR to SO and DOR to SI. In the cas- 
caded mode, a MASTER RESET pulse must 
be applied after the supply voltage is turned 
on. For words wider than 4 bits, the DIR 
and the DOR outputs must be gated together 
with AND gates. Their outputs drive the 
SI and SO inputs in parallel, if expanding 
is done in both directions (see Figs. 4 and 5). 


3-State Outputs — In order to facilitate data 
busing, 3-state outputs are provided on the 
data output lines, while the load condition 
of the register can be detected by the state 
of the DOR output. 


Master Reset — A high on the MASTER 
RESET (MR) sets all the contro! logic marker 
bits to ‘0’. DOR goes low and DIR goes 
high. The contents of the data register are 
not changed, only declared invalid, and will 
be superseded when the first word is loaded. 
The shift-in must be low during Master Reset. 


The CD40105B types are supplied in 16- 
lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 
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RECOMMENDED OPERATING CONDITIONS at 25°C, Except as Noted 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


Supply-Voltage Range (For T , = Full Package - 
Temperature Range) 


Shift-In or Shift-Out Rate 
Shift-In Pulse Width (Pin 3) 
Shift-Out Pulse Width (Pin 15) 
Shift-In or Shift-Out Rise Time 
Shift-In Fall Time 


Shift-Out Fall Time 


Data Hold Time 


Master Reset Pulse Width 


DATA IN READY 
(OIR) 


CL OETAIL OF 


POS | LATCHES 


Mau INPUTS PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


92CL-29901 


Vss 


Fig. 1 — Logic diagram for the CD40105B. 


INPUT OUTPUT 


BUFFERS BUFFERS 
00 (4) (13) a0 
di ()4> H> (12) a1 
p2 (6) (11) a2 


3-STATE CONTRC 
DATA-OUT READY (DOI 


SHIFT IN (ST) 


MASTER 
RESET 
(M.R.) 


92CS- 27283R2 


Fig. 2 — CD40105B functional block diagram. 
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Q2 


a 92CS-27284R1 
“MASTER RESET pulse must be applied when 


cascading by 16 N bits. 


Fig. 3 — Expansion, 4-bits wide-by-16 N-bits long. 


AMBIENT TEMPERATURE (Ta)= 25 °C++4 
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OUTPUT LOW (SINK) CURRENT (Ip) —mA 


DRAIN-TO-SOURCE VOLTAGE (Vps) —V 
92C5-24318R3 


Fig. 4 — Typical output low (sink) current 
characteristics. 
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Fig. 5 — Minimum output low (sink) 
current characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at -40, +25, +85 Apply to E Package 


CHARAC- 
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Fig. 10 — Dynamic power dissipation 
test circuit. 
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Fig. 9 — Typical dynamic power dissi- 
pation as a function of frequency. 
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DRAIN- TO- SOURCE VOLTAGE (Vps)—V 


OUTPUT HIGH (SOURCE) CURRENT(I OH)— mA 


; 92CS-24320R3 
Fig. 6 — Typical output high (source) 
current characteristics. 
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92CS-24321R2 
Fig. 7 — Minimum output high (source) 
current characteristics. 


AMBIENT TEMPERATURE (Ta)=25°C 1 


40 60 100 
LOAD CAPACITANCE Ti pF 
92cS-24322 


Fig. 8 — Typical transition time as a function 
of load capacitance. 


Vss 
92CS-2740IRI 


Fig. 11 — Quiescent-device-current 
test circuit. 
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CD40105B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C; 


Input t,,t¢ = 20 ns, C,; = 50 pF, Ry = 200 kQ2 


CHARACTERISTIC TEST CONDITIONS 


5 
10 


Propagation Delay Time: 
Shift-Out or Reset to Data-Out 
Ready, tpHL 


Shift-In to Data-In Ready, tpy, 


Shift-Out to Q,, Out, 
'PHL tPLH 
3-State Control to Data Out 


tpZH. tpZL 


'PHZ: ‘PLZ 


Ripple- Through Delay Input to Output, 
'PLH 


Transition Time, tTH Li tTLH 


Maximum Shift-In or Shift-Out Rate, 
f; 


Minimum Shift-In Pulse Width, 
(Pin 3) tw 


Minimum Shift-Out Pulse Width, 
(Pin 15) tWLe 


Maximum Shift-In or Shift-Out Rise 


Time, t, 


Maximum Shift-In Fall Time, 
tf 


Maximum Shift-Out Fall Time, 
t 
f 


Minimum Data Setup Time, tsy 


Minimum Data Hold Time, ty 


Data-In Ready Pulse Width, ty, 
(Pin 2) 


Data-Out Ready Pulse Width, ty, 
(Pin 14) 


Minimum Master Reset Pulse Width, 
‘WH 
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Fig. 12 — Input-voltage test circuit. 
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Fig. 13 — Input current test circuit. 
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TERMINAL ASSIGNMENT 
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—S—- een 
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by a maximum of 50 ns at Vpp = 5 V, 25 ns at Vop = 10 V, 
and 20 ns at Vpp = 15 V for Cy = 50 pF and Ta = 25°C. 


92CS- 29233RI 


Fig. 14 — Timing diagram for the CD40105B. 
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Fig. 15 — Expansion, 8-bits-wide-by-16 N-bits long using CD40105. 
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Dimension and pad layout for CD40105B. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions.in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 
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CD40106B Types 
Features: 


CMOS Hex ® Schmitt-trigger action with no external components 


Schm itt Triggers ® Hysteresis voltage (typ.) 0.9 V at Vpp =5 V, 2.3 V at 
Vpp = 10 V, and 3.5 V at Vpp = 15 V 


® Noise immunity greater than 50% 

® No limit on input rise and fall times 

® Standardized, symmetrical output characteristics 
a 

2 


High-Voltage Types (20-Volt Rating) 
The RCA-CD40106B consists of six Schmitt- 
trigger circuits. Each circuit functions as an 


inverter with Schmitt-trigger action on the 


100% tested for quiescent current at 20 V 


Maximum input current of 1 vA at 18 V over full 
package-temperature range; 100 nA at 18 V and 25°C 


input. The trigger switches at different points 
for positive- and negative-going signals. The ©® Low Vpp to Vssg current during slow 


difference between the positive-going voltage input ramp 

(VP) and the negative-going voltage (Vjy) is = 5-V, 10-V, and 15-V parametric ratings 
defined ashysteresis voltage (Vy) (see Fig.6). Meets all requirements of JEDEC Tentative 
The CD40106B types are supplied in 14- Standard No.13A, “Standard Specifications 
lead hermetic dual-in-line ceramic packages for Description of “B’ Series CMOS Devices 
(D and F suffixes), 14-lead dual-in-line plas- Applications: 

tic package (E suffix), 14-lead ceramic flat 
package: (K suffix), and in chip form (H 
suffix). 


® Wave and pulse shapers 

® High-noise-environment systems 
= Monostable multivibrators 

® Astable multivibrators 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages TEISTSHCOC TO Vee TSMMINal) socccevsiwveseucgcswgenssestaaseeedsnaeietasniss -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALE INPUTS ciscccnctscvecveen sear es sore weance sian ee hs -0.5 to Vpp +0.5 V 
DGINFUT GURRENT, ANY CONE UNEUT osc coasdewivacadivwesdsd teanae sa roeeed ic deausth exeums +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = -40 to +60°C (PACKAGE TYPE E) .......... see cece cece e cece sneer ceeenencncaces 500 mW 

For Ta =+60 to +65°C (PACKAGE TYPE ©) «s cesadckesacusews Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) ........ eee cece eect e eee eee teen ees 500 mW 

For T , = +100 to +125°C (PACKAGE TYPES D,F,K) .......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .........-.-.0+.+seees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES DoF Ra bia cert 5 1ds1 00 sev ee cided osdu peak ianeedceese wan scache xa -55 to +125°C 

PAGE TC Cray tbcwerdesuas oace Fu bu bi Oh eee akan ele Chew ne ss teneens eae eeeeceud sss -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) ir UEHARA CRESS PRA SIeNead OLEpaL Ceecesanue -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. .......... cee cece eee +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta 
Full Package-Temperature Range) 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ty = 25°C, Input t;, tf = 20ns, Ct = 50 pF, Ry = 200kQ 


CHARACTERISTIC 


Propagation Delay Time: 
tPHL. 


(PLH 


Transition Time: 


OUTPUT LOW (SINK) CURRENT (Io) —maA 


Vss*7 92CS- 28682 


FUNCTIONAL DIAGRAM 


A G 
1(3,5,9,11,13) 2(4,6,8,10,12) 


Voo 
* 
ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION 
NETWORK. 
O 
92CS-28683 Vss 


Fig.1 — Logic diagram 
(1 of 6 Schmitt triggers). 
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Fig.2 — Typical output low (sink) 
current characteristics. 
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Fig.3 — Minimum output low (sink) 
current characteristics. 


406 


CD40106B Types 


STATIC ELECTRICAL CHARACTERISTICS BRAIN 70-s0URCE ae v 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS | Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40,+25,+85 Apply to E Packages 
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CHARACTERISTIC 
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Fig.4 — Typical output high (source) 
current characteristics. 
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Fig.5 — Minimum output high (source) 
current characteristics. 
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Fig.7 — Input and output characteristics. 
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Fig.9 — Typical voltage transfer characteristics 
as a function of temperature. 
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Fig.12 — Typical power dissipation per trigger 
as a function of input frequency. 
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Fig.15 — Typical power dissipation as a function 
of rise and fall times. 
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Fig.18 — Astable multivibrator. 
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Fig.10 — Typical propagation delay time as a 
function of load capacitance. 
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Fig.13 — Typical trigger threshold voltage as a 
function of supply voltage. 
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Fig. 16 — Wave shaper. 
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Fig.19 — Quiescent device current test circuit. 
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Fig.11 — Typical transition time as a function 
of load capacitance. 
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Fig.14 — Typical per cent hysteresis as a function 
of supply voltage. 
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Fig.17 — Monostable multivibrator. 


INPUTS 


Voo NOTE 
MEASURE INPUTS 
SEQUENTIALLY, 

Vss TO BOTH Vop AND Vs, 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vop OR Vss 
Vss 


SSCS. 27802 


Fig.20 — Input current test circuit. 
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‘ae 
I 


(TOP VIEW) 
92CS- 29426 9215 SR6HI 
Fig.21 — Dynamic power dissipation test circuit. TERMINAL ASSIGNMENT 


f3-6l 
(1.854 -2.057) 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
4-10 chip, therefore, may differ slightly from the nominal 
(0.102-0.254) dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 

90-58 


dimensions shown. 
|.270-1.473 


92CS-35085 


Dimensions and Pad Layout for CD40106BH 
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CD40107B Types 


CMOS Dual 2-Input 
NAND Buffer/Driver 


High-Voltage Type (20-Volt Rating) 


The RCA-CD40107B is a dual 2-input NAND 
buffer/driver containing two independent 2- 
input NAND buffers with open-drain single 
n-channel transistor outputs. This device 
features a wired-OR capability and high 
output sink current capability (136 mA typ. 
at Vpp = 10 V, Vps = 1 V). The CD40107B 
is supplied in the 8-lead dual-in-line plastic 
(Mini-DIP) package (E suffix), 14-lead her- 
metic frit-seal ceramic package (F suffix), 
and in chip form (H suffix). 


Features: 
@ 32 times standard B-Series output current 
drive sinking capability — 136 mA typ. 
@ Vpp = 10 V, Vps = 1 Vv 
= 100% tested for quiescent current at 20 V 
® Maximum input current of 1 A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
ws 5-V, 10-V, and 15-V parametric ratings 
® Noise margin, full package temperature 
range, RL to Vpp = 10 kQ2: 
1VatVpp=5V 
2 V at Vpp = 10 V 
2.5 V at Vpp = 15 V 


= Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


VoD 
__ TRUTH TABLE 
A 3(5) 
un 
tl 
) 
aa | 
7 *Requires external 
Vop Vss voo" [ia]. 8 pull-up resistor 
Vss*[7].4 (R,_) to Vpp. 


NOTE:NUMBERS IN 
SQUARES FOR CD401076F, 
OTHERS FOR CD4OI07BE. 


% ALL INPUTS PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 


#Without pull-up 
resistor (3-state). 


Vss 92CS- 29433RI 


Fig. 1 — Schematic diagram of CD40107B (one of 2 gates) 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY -VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgs Terminal) ............. 
INPUT VOLTAGE RANGE, ALL INPUTS ............. 
DC INPUT CURRENT, ANY ONE INPUT ............. 
POWER DISSIPATION PER PACKAGE (Pp) ......---- 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T% 


For T A 
For T A 
OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES. A. vcscaechons tshenddssaesesed 


= -40 to +62.5°C (PACKAGE TYPE E) ....... 
For Ty = +62.5 to +85°C (PACKAGE TYPE BE): sdextan 
= -55 to +87.5°C (PACKAGE TYPES F,H).... 
= +87.5 to +125°C (PACKAGE TYPES F, H) .. 


se aiteek Aa eres eG ddd ites vious se Beedaede aro'steere -0.5 to +20 V 
date. cs arscites uta 3.26 bie toy a pats late “oad sr av@ anal -0.5 to Vpp +0.5V 
yas erie) lg eevee Sipe ais and acd ts a inate esaero es SOM ees +10 mA 
hastadietwvsscaederciaitera te) Qulave ae 2 4 om RA eee se 500 mW 
PRES TAT ee Terre Te Tr er rer rT 250 mW 


sp ataatsathwn ct ards Gaahe aie eaten wie Mak eRe en eats 250 mW 


ee er ere er eer ee -55 to +125°C 


PACKAGE TV E E: 6 cdndbedadede 560s s6000526 000565 er bh EKER SEEOC ARR DEERE esas HHS 12 4 -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) LU un Ede eweacda tei udee eh habce as apse ee eaenys -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ......... eee eee eee eee ee +265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For T a= 
Full Package-Temperature Range) 


92CS-29434RI 


FUNCTIONAL DIAGRAM 


Applications 

® Driving relays, lamps, LEDs 
@ Line driver 

® Level shifter (up or down) 


AMBIENT TEMPERATURE (Ta)= 25°C-+ Bi 
anna cen Sat rit + 


E-TO-SOURCE VOLTAGE (Vgg)=15 V 
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ttt +++ 
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Fig.2 — Typical output low (sink) 
current characteristics. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CS -29445RI 


Fig.3 — Minimum output low (sink) 
current characteristics. 
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LIMITS 


CHARACTERISTIC UNITS 
Typ. 
Propagation Delay: Le 100 | 200 | 
ein A*=12002 [10 | 45 | 90 | 
| 5 | 100 | 200 | 
Low-to-High, tp_y RL*=1202{ 10 | 60 | 120 
Transition Time: 

High-to-Low, tty, RL* = 120 2 eee 
| 5 | 50 | 100 | 
Low-to-High, tTLH At=1209 [40 | 35 | 70 
| 15 | 25 | | 50 | 

[Average Output Capactance,Cour | AnvOutnut | 0 | - | _9F_ 


* RL is external pull-up resistor to Vpp. 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at —55, +25, +125 Apply to F,H Packages 
a R- Values at —40, +25, +85 Apply to E Package 


Quiescent Device 
Current 
IDD Max. 


Output Low 
(Sink) Current 


lot Min. 


Output High 
(Source) 
Current 

1IOH Min. 


Input Low 
Voltage 
Vit Max.* 


Input High 
Voltage 
Vi Min.* 


‘Input Current 
lin Max. 


Output Leakage 
Current 
loz Max. 


* Measured with external pull-up resistor, RL = 10 kQ to Vpp. 
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R_ #120 2 TO Voo 


EEE, 
SEH 
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ganas 
aoe — 
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TRANSITION TIME (triW, ttHL) — ns 


70 


LOAD CAPACITANCE (C, ) — pF 
92CS- 29437 


Fig.4 — Typical transition time as a function of 
load capacitance. 
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R, #120 & TO Vop 
75h 


e 
ec 
I 

ral 
Fa 

So 
x 
a 

= 

wW 

2 

= 
> 
< 

I 

WwW 

a 

g 

e 

< 

© 
< 

3 

& 


Socceueseccscesccscccu 
BSSTSASHESETTGUERTEORERSS 
30 40 50 60 70 


LOAD CAPACITANCE (C;) — pF 
92CS-29436RI 


Fig.5 — Typical propagation delay time as a 
function of load capacitance. 
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DISSIPATION PER BUFFER/DRIVER(Pp) — pw 


ro} 
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Fig.6 — Typical power dissipation as a 
function of input frequency. 


PULSE 
GENERATOR 


92CS-29435 


Fig. 7 — Power-dissipation test circuit 
for CD40107BE. 
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CD40107B Types 


(1.245-1.447) 


92CS-29410R2 


NOTE:NOS. IN PADS FOR CD40I07BE 
NOS. OUTSIDE CHIP FOR CD40I07BF 


Dimensions and Pad Layout for CD40107BH. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils ( 10~3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


A Vop NC | Voo 
NC 2 NC 
8 D A 3 NC 
B 4 D 
CAB . c7A68 — 5 E 
NC 6 F=D-E 
Vss FeO-E Vss 7 NC 
TOP VIEW TOP VIEW 
92cs— 30010 
92CS-27239R2 
CD40107BE CD40107BF 


TERMINAL ASSIGNMENTS 
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92CS5- 27401R) 


Fig.8 — Quiescent-device 
current test Circuit. 


INPUTS 
Voo NOTE: 

nN, (x) - MEASURE INPUTS 

° SEQUENTIALLY, 

Vss TO BOTH Vpp AND Vss: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vgs- 
Vss 


92CS-27402 


Fig. 9 — Input-current test 


circuit. 
Yoo Yoo 
INPUTS OUTPUTS 10ka 
Vin 
caste + 
° 
Vie < 
Vss 
NOTE: 
TEST ANY COMBINATION . 
oF bute 92C$-2941) 


Fig.10 — Input-voltage 
test circuit. 


Special Considerations for CD40107B 


1. Limiting Capacitive Currents for CL > 
500 pF, Vpp > 15 V. 


For Vpp > 15 V, and load capacitance 
(Ci) from output to ground > 500 pF, 
an external 25 {2 series limiting resistor 
should be inserted between the output 
terminal and CL. No external resistor is 
necessary if CL < 500 pF or Vpp < 
15 V. 
2. Driving Inductive Loads 

When using the CD40107B to drive in- 
ductive loads, the load should be shunted 
with a diode to prevent high voltages 
from developing across the CD40107B 
output. 


>MOS 4 x 4 Multiport 
Register 
Jigh-Voltage Types (20-Volt Rating) 


‘he RCA-CD40108B is a 4 x 4 multiport 
egister containing four 4-bit registers, write 
ddress decoder, two separate read address 
lecoders, and two 3-state output buses. 


Vhen the ENABLE input is low, the cor- 
esponding output bus is switched, inde- 
endently of the clock, to a high-impedance 
tate. The high-impedance third state pro- 
ides the outputs with the capability of being 
onnected to the bus lines in a bus-organized 
ystem without the need for interface or 
ull-up components. 


Vhen the WRITE ENABLE input is high, 
I! data input lines are latched on the positive 
ransition of the CLOCK and the data is 
ntered into the word selected by the write 
ddress lines. When WRITE ENABLE is low, 
he CLOCK is inhibited and no new data is 
ntered. In either case, the contents of any 
yord may be accessed via the read address 
ines independent of the state of the CLOCK 
1put. 


he CD40108B types are supplied in 
ermetic 24-lead dual-in-line ceramic 
ackages (D and F suffixes), 24-lead dual- 
i-line plastic packages (E suffix), 24-lead 
eramic flat packages (K suffix), and in chip 
orm (H suffix). 


AAXIMUM RATINGS, Absolute-Maximum Values: 


)C SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vsg Terminal) ........... 
NPUT VOLTAGE RANGE, ALL INPUTS ........... 
1C INPUT CURRENT, ANY ONE INPUT ........... 


OWER DISSIPATION PER PACKAGE (Pp): 


For T, = ~40 to +60°C (PACKAGE TYPE E) ....... 
For T, = +60 to +85°C (PACKAGE TYPE E) ....... 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
JEVICE DISSIPATION PER OUTPUT TRANSISTOR: 


Features: 


@ Four 4-bit registers 

® One input and two output buses 

® Unlimited expansion in bit and word 
directions 

® Data lines have latched inputs 

@ 3-state outputs 

® Separate control of each bus, allowing 
simultaneous independent reading of 
any of four registers on Bus A and 
Bus B and independent writing into 
any of the four registers 

® CD40108B is pin-compatible with 
industry type MC14580 


® Standardized, symmetrical output 
characteristics 
# 100% tested for quiescent current at 20 V 
® Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (over full package- 
temperature range): 
1Vat Vpp =5V 
2V at Vpp =10V 


2.5 V at Vpp = 15 V 
# 5-V, 10-V, and 15-V parametric ratings 
@ Meets all requirements of JEDEC 
Tentative Standard No. 13A, ‘‘Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices”’ 


Applications: 


® Scratch-pad memories 
8 Arithmetic units 
® Data storage 


jaan toad cae wala Leaisullaemiedecee oe au -0.5 to +20 V 
as lar oscars asfavinhal os eh Beh ers cere -0.5 to Vpp +0.5 V 
Hugi dis dsncnua! ei bep waves ety eraltaneng enecanate- ae araenererave Sees +10 mA 
Mets O44 GOAN Sue hak Gad wade he encitee wales 500 mW 


aisle je eias Wi Ria dere NS SO eres ww ee eae ate net ant 500 mW 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..............+.+-.00: 100 mW 


)PERATING-TEMPERATURE RANGE (Ta): 


PAGKAGE TYPES 0. F.. 6. UF sxsaveiveneinensdens 
PACKAGE TYPE E « s.ccvdctesesedectestaenssncoas 
TORAGE TEMPERATURE RANGE (Tgtg) .-.------ 


EAD TEMPERATURE (DURING SOLDERING): 


ps bs Py eT See binvEselebii sieges sneas -§5 to +125°C 
Siva whi esD nerd srete donieesaseseheeds -40 to +85°C 
Lhd OSS O54,699% 24 AGRTTEE SPO ORE REREES -65 to +150°C 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ........... eee eee eee +265°C 
TRUTH TABLE 


CLOCK] WRITE | WRITE| WRITE |READ| READ/READ! READ ENABLE ENABLE, Dn 
ENABLE 
+ = = see Serle 


Word 1} Word 2 
out 


Word 2 


out 


1 HIGHLEVEL.O LOWLEVEL. X DONT CARE 2= HIGH IMPEDANCE 


S1 and $2 refer to input states of either Tor O 
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WRITE 
ENABLE 3-STATE A 


WORD A 
OUTPUT 


WORD B 
OuTPUT 


CLOCK 3-STATE B 


FUNCTIONAL DIAGRAM 


WO WI! ROA RIA ROB RIB 


WORD A . 
OUTPUT 


ENABLE B 


92CS-29220 


Fig. 1 — Block diagram. 
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Fig. 2— Typical output low (sink) 
current characteristics. 
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Fig. 3— Minimum output low (sink) 
current characteristics. 
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CD40108B Types 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. DRAIN- TO- SOURCE VOLTAGE (Vps)—V 

For maximum reliability, nominal operating conditions should be selected so that 1 ry 

operation is always within the following ranges: H } aid 
t 


CHARACTERISTIC ee 


Supply Voltage Range 
(For Tp = Full Package 
Temperature Range) 


++ 


+ 
+ +++ 
++ 
tote 
- 


So oe 


Set-Up Time: 
Data to Clock, ts(p) 


ore 
-+ 4 ++ - 
oe eas - oe ere 
- +++ ae ee 


a a ee 


a) 


OUTPUT HIGH (SOURCE) CURRENT(I oH) — 


pod = | 
. 


© 
j=) 


din 


Clock Input Frequency, 


a Fig. 6— Minimum output high (source) 


current characteristics. 


1g) 
on 
oO 


Clock Pulse Width, 
CL or WE 


w 
jo) 


ce) 
i) 


Write Enable to Clock, 250 i 
tS(WE) 100 ns Fig. 5— Typical output high (source) 
70 current characteristics. 
Write Address to Clock, 250 DRAIN-TO-SOURCE VOLTAGE (Vos) —V 
IS(WA) 100 Ns AMBIENT Seana Ce nT + r 
70 itt idee io ‘source NOLTaGE Wet “SV € 
Data to Clock, ty (p) 100 ns : 
80 : 
Write Enable to Clock, 270 0g 
80 ent Peas bb ae Gee : 
Write Address to Clock 330 see ee 
tHIWA) nog | —eEEEEEEUe eE EE 
1.5 
30 
4.5 


tw 


Clock Rise or Fall Time, 
t-CL or t¢CL 


15 
5 
10 
be 
5 
10 
15 
5 
10 
15 
5 
10 140 
5 
5 
10 
15 
5 
10 
15 
5 
10 
15 


_— 
on 


PROPAGATION DELAY TIME (tory, tp.) — ns 


sees 
SSGRRCHSESRE8 
a ~ Lt 


5O 
LOAD CAPACITANCE (C, ) — pF 


-_ . he Bone Fig. 7— ; _92C8- 29219 
a nai hs + % 19. Typical propagation delay time as a 

| . function of load capacitance (CL or 

ts(p) + | | WE to Q). 

On 


ts(we) 


: > twiwa) 


tH(wa) e a ts(wa) 


92CM- 2922!) 


TRANSITION TIME (tTHU.tTLH)— As 


Fig. 4— Timing diagram. 


ore) 
LOAD CAPACITANCE (C.)— pF 


92CS - 24322 
Fig. 8— Typical transition time as a function 
of load capacitance. 
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CD40108B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C; Input t,,t, = 20 ns, 
Cy, =50 pF, Ry = 200 kQ 


Vv 
CHARACTERISTIC DD aul UNITS 
(Vv) Typ. | Max. | 
720 


Propagation Delay Time: AZ J | 
: 1s fi 
300 600 " 
120 240 Ns ) 4 cL = 15 aaa, 
a | | | 


Clock or Write Enable to Q 
Read or Write Address to O 


‘PHL: 'PLH 
So | u 


3-State Disable Delay Time: 
INPUT FREQUENCY (fy) — kHz 
92CS- 29216 
Fig. 9— Typical power dissipation as a 
function of input frequency. 


'PZH: "PHZ 


‘PZi> "PLZ 
Ns 


INPUTS 
—95 Yoo NOTE 
35 a () MEASURE INPUTS 
° SEQUENTIALLY, 
—20 Vss TO BOTH Vop AND Vsg 


Output Transition Time: 


'THL’ 'TLH 


+o 0 
oOo oO 
— NO 
oo O 
oO oO 
pa 
a 
< 
° 
fo) 


_ 
— 
nn 


Data to Clock ts(p) 


CONNECT ALL UNUSED 
125 250 INPUTS TO EITHER 
Write Enable to Clock tg we) 50 100 ' ii 
39 70 92CS 27402 
126 250 
Write Address to Clock ts(wA) 50 100 ns Fig. 10— Input leakage current 
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Minimum Setup Time: oo 


test circuit. 


35 


Clock Rise and Fall Time: 
t-CL, teCL 


Minimum Hold Time: 
Data to Clock tH(D) 


ao 
ome) 
— NN 
ON 
oO 
=) 


Write Addtess to Clock tH(WA) 


Maximum Clock Input Frequency, 
TOL 


92CS- 2740iRI 


5 
10 
15 
3] 
10 
Ue 
5 
10 
15 
3) 
10 
15 
D 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 


Write Enable to Clock tH (WE) Ee 


Average Input Capacitance, 


Fig. 11— Quiescent-device-current 
Minimum Clock Pulse Width, 5 175 350 tase circuit. 
Clock or Write Enable 10 65 130 ns 
tWICL) 15 45 90 

Write Address 5 150 300 

10 75 150 ns 

15 45 90 Voo 

- a 
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(Any Input) C, 


75 ‘ INPUTS OUTPUTS 
Vin 
ny + 
° 
Vin ~ 


NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 


92CS-2744IRI 


Fig. 12— Input-voltage test circuit. 


415 


CD40108B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H, Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 
ISTIC 


Quiescent Device 


Current, 
IDD Max. 
e 
Output Low pa so 
(Sink) Current 3-STATE A 208 
loi Min. Q0 A 3- STATE B 


Output High 
(Source) 
Current, 


1OH Min. 


2 
3 
4 
5 
6 
7 
8 


WRITE O 
WRITE | 
READ |B 


CLOCK 
WRITE ENABLE 


te w| — 
Ww 2] Ww 


3.4 READ OB READ IA 
Vss READ OA 
Output Voltage: TOP VIEW 
Low-Level, 92CS- 27697 


VOL Max. 
TERMINAL ASSIGNMENT 
Output Voltage: 

High-Level, 

VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
VIH Min. 


I+ 
S 
on 


3-State Output 


Leakage Current +10-—-4 
louT Max. 

(@) 20 40 60 80 100 120 129 

| | | | | | | | 

We— | 

100— 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
so— Grid graduations are in mils (10~3 inch). 
= 114-122 
(2.896—3.098) 

60— 6 ; Wg i The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 

40— different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal 

ati dimensions shown. 

+ Qwa a —ipalpse 
o— __ 


=f 4-10 | 
| (0102-0. 254) | 


he 126 —134 _ 92CS —29421 
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Dimensions and Pad Layout for CD40108BH 
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Fig. 713— Schematic diagram 92CL - 29422 
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CMOS Quad Low-to-High 
Voltage Level Shifter 


High-Voltage Types (20-Volt Rating) 


The RCA-CD40109B contains four low-to- 
high-voltage level-shifting circuits. Each cir- 
cuit will shift a low-voltage digital-logic 
input signal (A, B, C, D) with logical 1 = Vcc 
and logical 0 = Vsg to a higher-voltage out- 
put signal (E, F, G, H) with logical 1 = Vpp 
and logical 0 = Vss. 


The RCA-CD40109, unlike other low-to- 
high level-shifting circuits, does not require 
the presence of the high-voltage supply 
(Vpp) before the application of either the 
low-voltage supply (Vcc) or the input sig- 
nals. There are no restrictions on the se- 
quence of application of Vpp, Vcc, or the 
input signals. In addition, with one exception 
there are no restrictions on the relative 
magnitudes of the supply voltages or input 
signals within the device maximum ratings, 
provided that the input signal swings 
between Vss and atleast 0.7 Vcc; Voc may 
exceed Vpp, and input signals may exceed 


Vcc and Vpp. When operated in the mode 
Vcc > Vpp; the CD40109 will operate as a 


high-to-low level-shifter. 


The CD40109 also features individual three- 
state output capability. A low level on any 
of the separately enabled three-state output 
controls produces a high-impedance state in 
the corresponding output. 


The CD40109B-Series types are supplied in 
16-lead ceramic dual-in-line packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-iead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Applications: 

® High-or-low level-shifting with three-state 
outputs for unidirectional or bidirectional 
bussing 

® Isolation of logic subsystems using separ- 
ate power supplies from supply sequenc- 
ing, supply loss and supply regulation 
considerations 


TRUTH TABLE 


INPUTS OUTPUTS 


ENABLE 
A, B,C, D A,B,C, D 


LOGIC 0 = LOW(Vss) 


X = DON’T CARE 
LOGIC 1 = Vcc at INPUTS and Vpp at OUTPUTS 


Features: 


® Independence of power supply sequence 
considerations—Vc¢c can exceed Vpp, input 
signals can exceed both Vcc and Vpop 


® Up and down level-shifting capability 
® Three-state outputs with separate enable controls 


LEVEL 
j SHIFTER : 


® Standardized, symmetrical output characteristics 


® 100% tested for quiescent current at 20 V 


92CS$- 294647 


® Maximum input current of 1 A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (full package-temperature 
range) 
=1Vat Vcc =5 V, Vpp = 10 V 
=2V at Vcc =10V, Vpp = 15 V 
# 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


FUNCTIONAL DIAGRAM 
(1 of 4 units) 


LIMITS 


Supply-Voltage Range (For Ta = 
Full Package-Temperature Range) 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(vallages referenced 10 Vee TEMMINGL) c.0c0nssoavasch send von st aeha tire lade sega daxesisy -0.5 to +20 V 
IPT VOLTAGE RANGE, ALG INPUTS. c.c5.606sS-canewe wewhucou ene y asd pee enn baeios -0.5 to Vpp +0.5 V 
DOINPUT GURRENT ANY ONE INPUT 2:scng daddas evedasaeebe cies es £165 ANOS se owen eds takes +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr ha, ==8 19 ter GC (PACKAGE TYPE ©) tc ccyarids deter ceeenebnwein ts Kecbar ose aetebedsess 500 mW 

For Tp =*60 to #60°C (PACKAGE TYPE.E) .. scesveensscdecens Derate Linearly at 12 mW/°C to 200 mW 

ror, == 00 FIG CPACKAGE TYPES PMD senccne de cianearenes i eansheotatete yan ieee 500 mW 

ForT «4 = +100'to +125°C (PACKAGE TYPES D,F, K): sense ceva. Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..................005. 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PRR AGe Tree EI El. vue bh bbe 50s $074 0% beers odes oa BEN Se Phebe Se tare beds BE Kos =55 to +125" C 

PRR BIE 6 cube Gan rk56 obese eSets 05440504 ce shaban wets caes cow ee te cn etn <kb sae -40 to +85°C 
STORAGE TEMPERATURE RANGE (T stg) Sunseectess re goucnen se ylune seek es OF Bee eed at oe -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for10S max. ........ 0c. eee ee eee +265°C 


E 
4(5,11,13) 
Vs 


wec*" 
Vop=!6 


S 


*ALL INPUTS PROTECTED 0D" ‘ 
BY COS/MOS PROTECTION “SS 
NETWORK 


92CS- 29446 


Z = HIGH IMPEDANCE Vss 


Fig.1 — CD40109B logic diagram (1 of 4 units). 
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TATIC ELECTRICAL CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta)= 25°C 
HHH 


LIMITS AT INDICATED TEMPERATURES (°C) 


CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages L SHSHScHiosiesastoseseastteaeeeatteds 
CHARACTER- Values at —40, +25, +85 Apply to E Package = H{GATE-T0-SOURCE VOLTAGE (Vgs)*I5 V + 
ISTIC VIN +25 ied a 
uiescent Device pos} 5 | 1 | 1 | 30 | 30] - | oo2| 1 2 
Curent, oot a |e [eo fet font a| ,, | | 
00 Max a [a [120 [2002 [a | ** | ie eee 
Jutput Low 0.5 | 0.64 | 0.61 | 0.42 0.36 | 0.51 Pod f= | : sancieabuace ere aus 
(Sink) C | Lao we T= | = 
ink ial = 0,10 2 a Fig.2 — Typical output low (sink) 
1.5 4.2 | 34 | 68 | - | current characteristics. 
Jutput High | -0.64] ~0.51 Eee id 
Source ris [37 | — ™ 
Toe i [oro] 10 | -1.6 | nee peas 
13.5 | 0,15 -42] -4 [-28 | -24[-34 | -68 | - eas HH sosssseeseseas 
‘itviok Ve liades 05 | - [ o | soseees Freee Setaseaessseaesseacenees 
Low-Level, 3 ve 
ere ie 


Jutput Voltage: 
High-Level, 
VOH Min. 


Ap itty: 
Q. SESSEEB 
TS 

8a 


O;O;]oO 
aint n 
a 


OUTPUT LOW (SINK) CURRENT (To) —mA 


nput Current 


am &, a < 
_ ki — | —_ | — — |) — —_ —_ NO 
pale als [88] 8s [s/s/e/3]5/9]3)5|>[>]a[5|[a] ala) leg 


< O};NM <=“< 


| 
ro. i 
E 
0. _ +10-9 | +0.1 uA 5 
lin Max. DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
-State Output Fig.3 — Minimum output low (sink) 
Leakage Current ; ; +10-4 | +0.4 UA current characteristics. 
louT Max. 
Vcc DRAIN- TO- SOURCE VOLTAGE (Vpg)—V 
(V) (V) = >a | 
nput Low 19 | 5 | a aaa i ie ae cee aOR 
Voltage, : Ht 
1.5, 13.5 3 3 F 
vi io a TET. 
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92CS8-24320R5 


Fig.4 — Typical output high (source). 
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Fig.5 — Minimum output high (source) Fig.6 — Typical transition time as a function Fig.7 — Typical high-to-low propagation delay time 
current characteristics. of load capacitance. as a function of load capacitance. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta, = 25°C, Input t,, te = 20 ns, 
Cy = 50 pF, Ry = 200 k22 unless otherwise specified 


SHIFTING] Vcc 
CHARACTERISTIC MODE (v) 
Propagation Delay — Data Input 5 
L—H 


to Output: 


High-to-Low Level, tpy 


Low-to-High Level, tp, y 


3-State Disable Delay: 
Output High to High 
Impedance, tpy7 


Output Low to High 
Impedance, tp, 7 


High Impedance to 
Output High, tpzy 


High Impedance to 
Output Low, tpz,_ 


Transition Time, tty. tTLH 


10 . 100 
H—L 3 5 100 
15 10 50 
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LOW-TO-HIGH PROPAGATION DELAY TIME (tp, ,,)-ns 


LJ 
10 20 30 40 50 60 70 
LOAD CAPACITANCE (C,) — pF 
92C8-29449 
Fig.8 — Typical low-to-high propagation delay time 
as a function of load capacitance. 
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Fig.9 — Typical input switching as a function of 
high-level supply voltage. 
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Fig. 10 — High-level supply voltage vs. 
low-level supply voltage. 
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Fig.11 — Typical dynamic power dissipation as a 
function of input frequency. 
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TEST CIRCUITS 


TEST VOLTAGE 
PAT A TAT 6 | 


Vcc V.00 


| 
. —Vec 
3 
4 ENABLE 
input O 5 Rg (SEE INPUT —Yss 
SEE TABLE) TABLE) t 
6 PLZ — Yoo 
7 
8 OUTPUT Vou 
ourevt OUTPUT Vou 
acne Vss 
1 
PHZ 92CS-29452 
92C8-27646R! Fig. 13 — Quiescent device current. 
Fig.12 — Output enable delay times test circuit and waveforms. 
Vec 
Yoo 
O.l uF 
Vec Yoo T° lak 
Yee Yoo 1 a 
INPUTS OUTPUTS 2 
PULSE 3 
Vit INPUTS GENERATOR ; 
+ NOTE 
oe Vv Cc 5 
° 2 rn MEASURE INPUTS L t 4 
Vil tL or) SEQUENTIALLY, 7 
~ Vss TO BOTH Voo AND Vss 8 
CONNECT ALL UNUSED 
Vpop2 Yec INPUTS TO EITHER 
Vss Veo OF Yss 500 pF 
NOTE: Vss 
TEST ANY COMBINATION 9208-29455 Yoo 2 Yee 
OF INPUTS p2cs 20454 ae 92cS-29455 
Fig. 14 — Input voltage. Fig.15 — input current. Fig.1G — Dynamic power dissipation test circuit. 


Voo 
ENABLE 0 


TOP VIEW 


CD40109B 
TERMINAL ASSIGNMENT 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as tn- 
dicated. Grid graduations are in mils (10-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 


different chips. The actual dimensions of the isclated 97-105 


| 4-10 
(0.102-0.254) 
chip, therefore. may differ slightly from the nominal! (2.464 -2.667) 
dimensions shown. The user should consider a tolerance 92CS- 36897 


of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD40709BH. 
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CMOS Decade Up-Down 
Counter/Latch/Display Driver 


High-Voltage Type (20-V Rating) 


DISPLAY 


gi2avse7a9 


92CS-31380 


Features: 

=» Separate clock-up and clock-down lines 

= Capable of driving common cathode LEDs and other 
displays directly 

= Allows cascading without any external circuitry 

= 100% tested for quiescent current at 20 V 

ws Maximum input current of 1 pA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 


The RCA-CD40110B is a dual-clocked up/down counter 
with a special preconditioning circuit that allows the 
counter to be clocked, via positive going inputs, up or down 
regardless of the state or timing (within 100 ns typ.) of the 
other clock line. 


The clock signal is fed into the control logic and Johnson 
counter after it is preconditioned. The outputs of the 
Johnson counter (which include anti-lock gating to avoid 
being locked at an illegal state) are fed into a latch. This 
data can be fed directly to the decoder through the latch or 
can be strobed to hold a particular count while the Johnson 
counter continues to be clocked. The decoder feeds a 
seven-segment bipolar output driver which can source up 
to 25 mA to drive LEDs and other displays such as low- 
voltage fluorescent and incandescent lamps. 


A short durating negative-going pulse appears on the 
BORROW output when the count changes from Oto 9 or the 
CARRY output when the count changes from 9 to 0. At the 
other times the BORROW and CARRY outputs area logic 1. 


The CARRY and BORROW outputs can be tied directly to 
the clock-up and clock-down lines respectively of another 
CD40110B for easy cascading of several counters. 


SIGNAL 
PRECONDITIONER 


CLOCK UP 
CLOCK DOWN 


RESET 
TOGGLE ENABLE 


LATCH ENABLE 


CONTROL Ly JOHNSON 
LOGIC COUNTER 


LATCH 
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FUNCTIONAL DIAGRAM 


# Noise margin (full package-temperature range) = 
1VatVpp=5V 
2VatVpp=10V 
2.5 Vat Vpp= 15 V 
» 5V, 10 V and 15 V parametric ratings 
= Meets all requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices”. 


Applications: 


= Rate comparators 

= General counting applications where display is desired 

s Up-down counting applications where input pulses are 
random in nature 


The CD40110B types are supplied in 16-lead dual-in-line 
ceramic packages (D and F suffixes), and 16-lead dual-in- 
line plastic package (E suffix), and also available in chip 
form, (H suffix). 


DECODER DRIVER me 


92CS-29200RI 


Fig. 1 - Functional diagram. 
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MAXIMUM RATINGS, Absolute Maximum Vajues: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced fo Vac Terminal) sic ccicssccnvdccinesecaieevdspes deedeieudsd beaters sesiseavsabauaadeadesusenssan -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS nccccusns saeu'esesads 200 0eee ouns 600h¥004450006446000s0 08s Uwe ohhe varies -0.5 to Vpp +0.5 V 
UGINEUT CURRENT, ANY ONE NEU sictesecenteuideasuyerdves ees siueesnwnsndabn dee Fedolee4ae css be bie enh oetesebeeurai +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr Ta, 9940 (6 760" C (PACKAGE FV Pe BE) occ icceu is cavass cauveanaddasccewecvedseneocnSievs reed ncdbedd deaevetewusseorasy 500 mW 

For Ta = +60 to +85°C 

PCIe PCE CP ctacccacapndeset dexdosseisiaesn eine binkenescanatn tose ecorcesieieres Derate Linearly at 12 mW/°C to 200 mW 

ror is = <So 10 #100" GC (PACKAGE TYPES ©, ©) cid oi de wenncus oe aeanwee eee vueis cyann bee ae note he Ven dkds 4694 Se bNeOdsesuwen 500 mW 

For Ta = +100 to +125°C 

(PACKAGE TYPES ©. FP) o0in040650 erences on0saeeesewiaconndadieaddueehets bone beedenncawes Derate Linearly at 12 mW/°C to 200 mw 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE 


PRE ROGKO0O 1 DO8) c2 464050 09544draees Sudess Laas bes fade dyer ean euwe nance ie nae ek de ae anon ae conti an ee ania daueuse casdesh 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PRI Ge Ue ba. wears ice vowecnh oboe uiebaspewense ocean neds Uwe abe aed 46 pecksenedauheeenerendees eenees ed -55 to +125°C 

PAGNRAe ttre Cc accechiesys sede wnessddee runes leen.cbus aban cen dew chin cesteena nods wvatonaegdetoesseusetssaceceenans -40 to +85°C 
STORAGE TEMPERATURE RANGE Ul gig) tons ve ec4iees siasen es cedastenenaeSineemnse tant wameneazaneyedeneeaneses en. -65 to +150°C 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) 
THOM COOG TOF 10 S TOR 6s oo 60 05504864 e Roe wons Beer Tete sawdowadiesdadn odor bubu Ri ndeadassietawedeandawenwedereennwsa +265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package Temperature Range) 


Clock Input Frequency fCL 


(Sum of CLyp & CLon Freaqs.) 


Clock Pulse Width tw 


Latch Enable Pulse Width 


Reset Removal-Time 


Reset Pulse Width 
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STATIC ELECTRICAL CHARACTERISTICS 


| Conditions Limits at Indicated Temperatures (°C) 


Values at -55, +25, +125 for D, F, H Packages 


Characteristic Values at -40, +25, +85 for E Packages 
C85 [40 | 708 [425 | Min. [ Typ. 


pulasesak Sais sae re ems ee ee ee 
eal = =f 10 [10-|_10 | 300-[ 300 | — | 0.04 — 
max == —_[-15 | 20 | 20 [- 600-|_600_|~— | 0.04 

[too | too [ 3000 [3000 | — | 0.08 — 
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Fig. 2 - Logic diagram with flip-flop and output-driver details. 
(cont'd on page 5) 
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Fig. 2 - Logic diagram with flip-flop and output-driver details. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input tr, ty = 20 ns, Ci = 50 pF, Ry = 200 kQ 


Clock Up/Clock Down 


Propagation Delay Time: 
Clock to Carry or Borrow 


Clock to Segment 


Minimum Clock Pulse Width 


Maximum Clock Input Frequency 


(Sum of CLyp & CLpn F) 


Minimum Toggle Enable Pulse Width 


Minimum Latch Enable Pulse Width 


Output Pulse Width: 
Carry 


Borrow 


Transition Time: 
Carry or Borrow 


Minimum Delay Time 
Between CLyup & CLoN 


Maximum Clock Rise or Fall Time 


Reset 


Propagation Delay Time 
Reset to Output 


Minimum Reset Removal Time 


Minimum Reset Pulse Width 


tPLH, tPHL 


tPLH, tPHL 


tTLH, tTHL 


trCL, trCL 


tPLH, tPHL 


CHARACTERISTIC ap 
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CD40110B Types 
TRUTH TABLE 


DISPLAY 


Foliows Counter 
Follows Counter 


No Change 


Goes to 00000 


Goes to 00000 
a] 
(Display = 7, ) 


X = Don’t Care 1 = High State 0 = Low State 


* Typically 100 ns between clock-up and clock-down positive transitions are required to ensure proper counting. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


Fig. 4- Minimum carry or borrow output low 
(sink) current characteristics. 


Fig. 3 - Typical carry or borrow output low (sink) 
current characteristics. 
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92CS - 24320R3 


Fig. 5 - Typical carry or borrow output high 
(source) current characteristics. 


92CS-24321IR2 


Fig. 6 - Minimum carry or borrow output high 
(source) current characteristics. 


CD40110B Types 


ATURE (Ta)= 25° TT 


AMBIENT TEMPER 
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Fig. 7 - Typical carry or borrow transition time Fig. 8 - Typical carry or borrow propagation 
vs. load capacitance. delay time vs. load capacitance. 


2| AMBIENT Tene RAT ee) 2s¢c Htttty Saseeueueees 
Seccceuseccscooscecscusussecsase 
2eeee an 


VOLTAGE ACROSS BIPOLAR TRANSISTOR 


Sear eeeaess HEHE 
ssHierHii: seesee 


CL=I5 pF ——— 
Cy =50 pF 


DYNAMIC POWER DISSIPATION (Pp)—pwW 
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Fig. 9 - Voltage across bipolar transistor vs. Fig. 10 - Typical dynamic power dissipation vs. 
output source current. frequency. 
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Vss 
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92CS- 32850 
Fig. 11 - Dynamic power dissipation test circuit. Fig. 12 - Quiescent device current. 
Vv 
Vien 00 
INPUTS ~ INPUTS OUTPUTS 
VoD BOTE: Vin 
oO G) MEASURE INPUTS Wi “oww) 
o SEQUENTIALLY, ye 
ss TO BOTH Vpp AND Vgg: IL ue 
CONNECT ALL UNUSED 
INPUTS TO EITHER . 
Vopp OR Vgs- NOTE: 
Wee TEST ANY COMBINATION 
Vss OF INPUTS 
92CS-27402 92CS-27441RI 
Fig. 13 - input current. Fig. 14 - Input voltage. 
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Fig. 15 - Cascading diagram. 
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Dimensions and pad /ayout for CD40110B. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (1073 inch). 


The photographs and dimensions of each CMOS chip 
represent achip when itis part of the wafer. When the wafer 
is separated into individual chips, the angle of cleavage may 
vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ 
slightly from the nominal dimensions shown. The user 
should consider a tolerance —3 mils to +16 mils applicable 
to the nominal dimensions shown. 


Preliminary Data CD40117B Types 


CONTROL 


Programmable Dual [erage oa 
4-Bit Terminator 
' 
i - 4 PULL-UP OR E 
High-Voltage Types (20-Volt Rating) hineamihys ; 
Features: RESISTORS Ml 
= One standard “B” output will drive eight terminator circuits. 4 imnewes : 
a Will terminate a CMOS data bus with up to 40 B-series inputs inputs or 3-state 
outputs connected at VDD of 5 V. 4 PULL-UP OR s 
# /nput terminals protected by standard “B” series ESD protection network. PULL- DOWN A 
= Preserves final logic state. i ali ; 
# Output after switching is closer to VDD or VSS rail than with a resistor. 4 LATCHES s 
= Requires only one solder connection. § 
# Open circuited terminator not used will not affect performance. tapes OE 
= Can be connected to any CMOS !/0O line. CONTROL 92CS-35283 
a vba current only when logic state is changing. FUNCTIONAL BLOCK DIAGRAM 
= Can be preset. 


The RCA CD40117B is a dual 4-bit terminator that canbe — Applications: 

programmed by means of STROBE and DATA control bits = Error state identification. 

to function as pull-up or pull-down resistors. The CD40117B Replaces pull-up or pull-down resistors 
can also be programmed to function as latches to terminate Avoids floating inputs in modular systems 
any open or unused CMOS logic when used with 3-state Sharpens transistors (hysteresis) 

logic or during a power-down condition. Considerable Anti-bounce circuit 

savings in power and board space can be realized when this 

device is used to replace pull-up or pull-down resistors. STROBE A 
When the STROBE is in the logic “1” state, the terminator 
functions as a pull-up resistor if the DATA input is a logic 
1” or as a pull-down resistor ifthe DATAinputisalogic “0”. 


STROBE B 


When the STROBE is in the logic “0” state, the terminator - 
performs the latch function, i.e., it follows the changing ie 
states of the bus. If the bus goes into the high-Z state or into wn 
a power-down condition, the latched terminator retains the Vss 
data (“1” or “O’) that the bus carried before it switched to the TOP VIEW 


high-Z or power-down state. If and when the bus changes 
from the high-Z state to the state opposite to that which the 
latch is storing, the bus will override the latch and the 
terminator will reflect the state on the bus. The small 
geometries chosen for the inverters in the latch allow this 
override mode. When checking the data bus whose last TRUTH TABLE 


state is being preserved by the terminator, a resistor should 
STROBE | DATA 


be used in series with the probe whose input capacitance 
1 
1 
0 


92CS- 34607 


TERMINAL DIAGRAM 


Taney [ear] aac 


could trip the small latches. The resistance should be in 
excess of the output impedance of the latch, i.e., R should 
be > 30 KQ at Vod =10 V. 


The STROBE and DATA inputs in each section can be 
paralleled allowing this device to be used as an 8-bit bus 


terminator. 1= High, 0=Low, X= Don't Care 
The CD40117B types are supplied in 14-lead hermetic dual- A Equivalent to pull-down resistor. 
in-line ceramic packages (D and F suffixes), 14-lead duat- + Equivalent to pull-up resistor. 
in-line plastic packages (E suffix), and in chip form (H *Equivalent to a latch 


suffix). 
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CD40117B Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


LVOiaGeG fererenCed 16 VSS TENE) c.0s6ccsneugsnon aed ecde naan oe nines Faas Cen RERSA COLE aws dE LOE REE DOSE E Aw RETdEES -0.5 to +20 V 
INPUT VOLTAGE RANGE: ACL INPUT © vise ccies te 65 deena Gao d 0 066s 4a 0ERes F404 Aw 90 OR bRTON INTER CR CRT T EEGs -0.5 to Vop +0.5 V 
ere GIN) ANY CONG INU Gidee ded ib ie eeredbadea dea eens Kase eh thay Sess 1a BE00068 hes dee ene se eeu aN Oke eewes +10mA 
POWER DISSIPATION PER PACKAGE (PD): 

ror TA ==40 16 700°C (PACKAGE TYPE ©) 6 ica cide cds voce neko yeas nck bOKe is beane eens ORES bes ede 6a SER ELSES eEWOREST ERS ¥Eus 500 mW 

For TA = +60 to +85°C (PACKAGE TYPE E)........... be SRRSUAT ELS KECE SCS SHEWRE KA OEYE RE bOERS Derate Linearly at 12 mW/°C to 200 mW 

For }A==95 16: 100°C (PACKAGE TYPE Oy FP) weav in che ieee s B95 940s We ee HED WEEN LEHR OOd NORTE OOS COE 8 5654 ek SMe eh new ss 500 mW 

ror tA= 7100 16: +125" C (PACKAGE TYPE. DF) oh ce chee tien dead einen 0050 tw shaneee ne ee'ee nes Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package TYp6@S) 3c assccncos cscs tan ue cbeacdends eee ew eececew seesaw sae ses 40 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE. URE GU Ot vane doncsunwe ecchsuweeneee ays es beads wast ockab aw en ves ohdtewiwan ober ace eget eede dete senss “55 10: 125°C 

PROCKAGE TVPG © os bi aided 6055 eb 06 600568646 b4.60 595. EE 6 WOE EOC IRS F0A ddd RSs COONS SO 00 6498 688 Wh dein eae he wees HRS -40 to +85°C 
STORGGE (EMPERA URE RANGE (181g) cvtcics dined ceae 80450 ChAe Ver an abe TREN ERS HA de RNs HOR HEES RENE ER ORE was -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At Gistance 1/16 = 1/32 inch: (1.59 £0.79 mm) trom Case for TOS MAX... 5.66 ced cw are re siien es is da ced gawe ens s 05% 6 es Ee see cade Ses +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


CHARACTERISTIC 


STROBE A(B) DATA Ne. 0 10 20 30 40 50 


* Ol2)  * O!3( ai 
TERMINATED : 
INPUT/ - 


50-58 
(1.270-1.473) 


2A(B) 
4(10) O 


‘ lL. 4-| 
(0102-02 | 
= A 
11488-1702) 


92CS-35084 


Dimensions and pad layout for CD40117B. 


Vpop=!4 
Vsg*7 Dimensions in parentheses are in millimeters 


y and are derived from the basic inch dimensions 
DD 92CS-34594RI as indicated. Grid graduations are in mils (1073 
* inch). 
INPUT PROTECTION 
NETWORK The photographs and dimensions of each CMOS chip 
representachip whenitis part of the wafer. When the wafer 
is separated into individual chips, the angle of cleavage may 
Vss vary with respect to the chip face for different chips. The 


actual dimensions of the isolated chip, therefore, may differ 

as slightly from the nominal dimensions shown. The user 

Fig. 1 - Logic diagram (‘2 of CD40117B) should consider a tolerance —3 mils to +16 mils applicable 
to the nominal dimensions shown. 
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CD40117B Types 
TYPICAL APPLICATIONS 
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Fig.2-Schematic of CD40117B interfacing with 
microprocessor terminating an 8-bit bus line and 
1/2 of CD40117B as a programmable pull-up/pull 
down logic controller. 
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VDD 
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Vv 
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Fig. 3 - Schematic of CD40117B in anti-bounce circuit 
application. 
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CD40117B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, H Packages 
Values at -40, +25, +85 Apply to E Package UNITS 
+ 


CONDITIONS 


a: 
[5 | 025| 025 | 75 | 75 | — |.0.01 | 0.25. 
Device eae rm 
Current 015; 15 | 1 [| 1 | 30 | 30 | — | 001 e 
-_— To, 20 [205 [5 | 150_| 150 | — |002 15] 
Output Low | 04 {05 | 5 | —~ | — | — | — | — | 2 | - 
Sink Current a ee ee ee 
i 15 {015 | 15 | — | — | — | — | 
ee ee eee uA 
(Source) | 25 [05 | 5 | — | — | — | — | — | — | | 
Current iod fos. 1010) 0 | — | — |.— | — | — | oo | 
Min. | 135 [0,15 | 15 | — | — [| — | — | — | -250 | — | 
Output Voltage: [T — 105 | 5 | 005 | — | 0 | 005] 
Low-Level Vo. | _— {0,10 [| 10 | #+#+OOO {| — |{ 0 | 0.05 
Max. r_— 1015 | 15 | T— [ 0 [005] v 
Output Voltage: ros | 5 4.95 a5 [5 — 
High-Level VOH — a 9.95 39s fio | 
Min. rT — 10,15 | 15 | 14.95 1S | 
Input Low Se eee 15 | — | — | 15 | 
Voltage VIL Lo |= | 0 | 3 a ee 
Max. (1.5,13.5] — | 15 | 4 V 
Input High Oo45 1. | 3.5 — as 
Voltage | 149 {| — | | — | 
Min. | — | — {| — | | 


DYNAMIC ELECTRICAL CHARACTERISTICS at T,a=25°C; Input ty, t==20 ns, C_=50 pF, RL=200 kQ 


LIMITS 
All Packages UNITS 


TEST 
CONDITIONS 
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CHARACTERISTIC 


Propagation Delay Time 
Strobe, Data to Outputs 


| 
lh 
nn 


ns 


Transition Time 


= 


Minimum Strobe Pulse 
Width 


Minimum Data Pulse tWH, 
Width tWL 


Minimum Terminator tw 
Input/Output Pulse 
Width 
Minimum Data tsu 
Setup Time 


Data to Strobe pe 


Input Capacitance CIN Any Input 
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10-Line to 4-Line 
BCD Priority Encoder 


High-Voltage Types (20-Volt Rating) 


The RCA-CD40147B CMOS encoder fea- 
tures priority encoding of the inputs to ensure 
that only the highest-order data line is en- 
coded. Ten data input lines (0-9) are en- 


coded to four-line (8,4,2,1) BCD. The highest 
priority line is line 9. All four output lines are 
logic 1 (Vss) when all input lines are logic 0. 
All inputs and outputs are buffered, and each 
output can drive one TTL low-power Schottky 
load. The CD40147B Is functionally similar to 
the TTL 54/74147 if pin 15 is tied low. 

The CD40147B types are supplied in 16- 
lead ceramic dual-in-line packages (Dand F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 
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* INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 


Fig. 1 — CD40147B logic diagram. 
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OUTPUT LOW (SINK) CURRENT (Ip) —mA 


DRAIN-TO-SOURCE VOLTAGE (Vps)—¥ 


Fig. 2 — Typical! output low (sink) current 
characteristics. 


Features: 

® Encodes 10-line to 4-line BCD 

# Active low inputs and outputs 

® Standardized, symmetrical output characteristics 

= 100% tested for quiescent current at 20 V 

@5-V, 10-V, and 15-V parametric ratings 

@ Meets all requirements of JEDEC Tentative Standard 


No. 13A, ‘Standard Specifications for Description of ‘B’ 
Series CMOS Devices” 


@ Maximum input current of 1 vA at 18 V over full 
package-temperature range; 100 nA at 18 V and 25°C 
® Noise margin (full package-temperature 


range) = 1VatVpp=5V 
2 Vat Vpp =10V 
2.5 V at Vpp = 15 V 
Applications: 


® Keyboard encoding 
® 10-line to BCD encoding 
® Range selection 


RECOMMENDED OPERATING CONDITIONS 
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BCD 
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CD40147B Types 


92CS-30552 


FUNCTIONAL DIAGRAM 


For maximum reliability, nominal operating conditions should be selected so that 


Temperature Range) 
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Fig. 3 — Minimum output low (sink) current 
characteristics. 


operation is always within the following range: 


CHARACTERISTIC 


Supply Voltage Range (For Tq = Full Package 


Cc 
“ 
= 
oe 
= 
n” 


-=ccccccce-|o 
294449000 0/2 
204 +00+-00-|0 
~o+o+0+0-+0-|> 


Don’t Care 


DRAIN- TO-SOURCE VOLTAGE (Vps)—V 


-10 -5 


AMBIENT TEMPERATURE (Ta)*25°CHHTtH +t ttt ttt 
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92CS- 2432085 
Fig. 4 — Typical output high (source) current 
characteristics. 
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CD40147B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced 10 Vag Terminal) sais csscccdsecoevadedsacsecwsasaseedacs vada ati ws ~-0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS. 64.02 0ciesesowsseeuredanaes se tiassiueene a tax -0.5 to Vpp +0.5 V 
DG INPUT CURRENT, ANY ONE INPUT ca ccuirar cadcaa Wakees Sonne Reda EOC NS HERONS DE GRRs SEO OES +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T , = ~40 to +60°C (PACKAGE TYPE E) ......... see e eee e ese cee n eter e et ceeececnseceenes 500 mW 

For T , = +60 to +85°C (PACKAGE TYPE E) ........+.sesseenee Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) .... 1... cece cece cee eee e eee nen e encase 500 mW 

For Tp, = +100 to +125°C (PACKAGE FYPESD, FB) accectaves Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For Ty, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..........-.++0+eeeees 100 mW 
OPERATING-TEMPERATURE RANGE (T a): 

PACKAGE TYPES DD, Fi KF cccccsdnan 6ia2 0 ne vw nied ck Ge why es Sue onwed Dace we oe wens 80o% -55 to +125°C 

PRCRAGe TUS ©: cnt ran bxeuGh octave ob oe x Ohas wisn esedelddor sank evasnesouns eeuseesss -40 to +85°C 
STORAGE TEMPERATURE RANGE (T stg) Ve REESE Sas EMU ORa eRe RnOe eeaees ouee nt Esksoa -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ........ cee cece eee eee eee +265°C 
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Fig. 5 — Minimum output high (source) current 
characteristics. 
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AMBIENT TEMPERATURE (Ta)=25°C HHH 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H, Packages 


Values at —40, +25, +85 Apply to E Package 


CONDITIONS 


TRANSITION TIME (tTHL.tTLH)—ns 


CHARAC- 
TERISTIC 


40 60 100 

LOAD CAPACITANCE (C,_)— pF 
Quiescent 92c$ -24322 
Device 


Current, !pp 


Fig. 6 — Typical transition time as a function of 
load capacitance. 
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CD40147B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tp, = 25°C, input t,, te = 20 ns, 
Cy = 50 pF, Ri = 200 kQQ Vop 


LIMITS 
CHARACTERISTIC TEST CONDITIONS ALL TYPES | ynits 
ae | 
(V) Typ. 


Propagation Delay Time, 


tPLH: PHL 
In-Phase Output 


DAH WAWN ~ 


Any input to any 


92CS-30953 
output 5 425 850 
Out-of-Phase Output 10 175 350 ns 
15 125 250 Fig. 9 — Dynamic power dissipation 


5 100 200 test circuit. 
Transition Time, try,,tTLH 10 50 100 ns 
15 40 80 


input Capacitance, C, Any Input 


Voo 
: INPUTS 
0 INPUTS OUTPUTS INPUTS 
i a + wor) MEASURE INPUTS 
ue y, ry SEQUENTIALLY, ~ 
iL aL Vss TO BOTH Vop AND Vss- 
= CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: Vop OR Vs: 
Vv TEST ANY COMBINATION 
= OF INPUTS Vss 
92CS- 2740IRI 92CS-27441RI 92CS-27402 
Vss 
Fig. 10 — Quiescent device Fig. 11 — Input voltage test circuit. Fig. 12 — Input current test circuit. 
current test circuit. 
70 


4 \ 
5-2 
6-43 
7-44 
8-45 
K Cc 6 
) 7 
Vss —8 
79- 87 
(2.007- 2.209) ae Ee 
92CS$-30957 
CD40147B 
TERMINAL 
ASSIGNMENT 
; Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (1073 inch). 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
4-10 cleavage may vary with respect to the chip face for 
(0 102-0.254) different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
Ga eee dimensions shown. The user should consider a tolerance 
(1.702 -1.905) of —3 mils to +16 mils applicable to the nominal 
92CM- 30958 dimensions shown. 


Dimensions and pad layout for CD40147BH 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


CMOS Synchronous 
Programmable 4-Bit 
Counters 

High-Voltage Types (20-Volt Rating) 


CD40160B — Decade with Asynchronous 


Clear 


CD40161B — Binary with Asynchronous 


Clear 


CD40162B — Decade with Synchronous 


Clear 
CD40163B — Binary with Synchronous 


Clear 


RCA-CD40160B, CD40161B, CD40162B, 
and CD40163B are 4-bit synchronous pro- 
grammable counters. The CLEAR function 
of the CD40162B and CD40163B is synchro- 
nous and a low level at the CLEAR input sets 
all four outputs low on the next positive 
CLOCK edge. The CLEAR function of the 
CD40160B and CD40161B is asynchronous 
and a low level at the CLEAR input sets all 
four outputs low regardless of the state of 
the CLOCK, LOAD, or ENABLE inputs. A 
low level at the LOAD input disables the 
counter and causes the output to agree with 
the setup data after the next CLOCK pulse 
regardless of the conditions of the ENABLE 
inputs. 


The carry look-ahead circuitry provides for 
cascading counters for n-bit synchronous 
applications without additional gating. Instru- 
mental in accomplishing this function are 
two count-enable inputs and a carry output 
(Coyt). Counting is enabled when both PE 
and TE inputs are high. The TE input is fed 
forward to enable Coyry. This enabled out- 
put produces a positive output pulse with a 


Features: 


® Internal look-ahead for fast counting 
= Carry output for cascading 
® Synchronously programmable 
= Clear asynchronous input 
(CD40160B, CD40161B) 
= Clear synchronous input 
(CD40162B, CD40163B) 
= Synchronous load control input 
# Low-power TTL compatibility 
= Standardized, symmetrical output 
characteristics 
= 100% tested for quiescent current at 20 V 
= Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (over full package-tempera - 
ature range): 1VatVpp=5V 
2VatVpp=10V 2.5 VatVpp=15V 
= 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of ‘B’ Series 
CMOS Devices” 


duration approximately equal to the positive 
portion of the Q1 output. This positive 
overflow carry pulse can be used to enable 
successive cascaded stages. Logic transitions 
at the PE or TE inputs may occur when the 
clock is either high or low. 


The CD40160B, CD40161B, CD40162B, and 
CD40163B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

The CD40160B through CD40163B types 
are functionally equivalent to and pin-com- 
patible with the TTL counter series 74LS160 
through 74LS163 respectively. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vsg Terminal) .........-- 
INPUT VOLTAGE RANGE, ALLINPUTS ........... 
DC INPUT CURRENT, ANY ONE INPUT ........... 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = -40 to +60°C (PACKAGE TYPE E) ....... 
For T, = +60 to +85°C (PACKAGE TYPE €) ....... 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 


svasdehcaitaas SiS SUkatraNG A. & UIE PR te esa Wn SHE er ine DENS ~0.5 to +20 V 
4 sd Brrael raatiche Bele oa Sines meee es -0.5 to Vpp +0.5 V 
5 yidata sc aaa Raw aheie eaten Reareee DG aaOe.oR was +10 mA 


asthh eb aduevaupehetaocetend d4aseRnneceed a 500 mW 
ceeuewer dices Derate Linearly at 12 mW/°C to 200 mW 
cused dee baeeeanh ea ockeN sees aad et yg eens oe 500 mW 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .......-.-.. eee eee eee 100 mW 


OPERATING- TEMPERATURE RANGE (Tp): 


PACKAGE TYPES D, F, KH ...2..ncccsceceevoee 


(ie teviaKeas meneeeRthedwenes oe newand -55 to +125°C 


PACKAGE TYPE © cioi de hee heews bce ccew iene siGenae hen tee de eeseeeeeerense DeRaeeees -40 to +85°C 
STORAGE TEMPERATURE RANGE (Totg) ..---- ee reece eee e erent ent een nnn e eee e tees -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ...... 6. eee eee ee eee eee eee +265°C 
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92CS - 28628RI 


Functional Diagram 


Applications: 


® Programmable binary and decade counting 
® Counter control/timers 
®@ Frequency dividing 


CH Gate-TO-SOURCE VOLTAGE (Vgg)='5 V 14 


Qe008008 80°. casneeenerausaesss 
as aeeusse” «208 BRUTE RPRVAASTOSES 
Pil 


OUTPUT LOW (SINK) CURRENT (Io) —mA 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92C5-24318R3 


Fig. 1— Typical output low (sink) 
current characteristics. 
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SOCTREWRORRABSSACTHSERAARS 
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15 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS -24319R) 
Fig. 2— Minimum output low (sink) 
current characteristics. 


CD40160B, CD40161B,CD40162B, CD40163B Types 


c0401*0B 
ASYNCHRONOUS 
CLEAR 


c040162B 
SYNCHRONOUS 


* 
INPUTS PROTECTED | 
BY COS/MOS PROTECTION 
NETWORK 


92CL-29224RI 


Fig. 3— Logic diagrams for CD40160B8 and CD40162B BCD decade counters. 


CD40I61B 
ASYNCHRONOUS CLEAR CD40161B AND CD40163B8 BINARY COUNTERS 


LOAD * | * * * * * * 
: : “ | Ope Ore Op OL IOR S) ps OFF 
| Ql 
swan f VV ‘7 va) 
| Y ° 9 a = ° 7 
o> it; 
e 
eLeaRr™ | <3 
(1) 1 > oe Q2 
erelye 
cp401638 | s 
SYNCHRONOUS CLEAR 
Ql 
Toap * | 
e 
| is ee ¥ 
cLock*®™ y 
cL 7) 


* 
EY eae PROTECTED 


COS/MOS PROTECTION \/ 
NETWORK 7 
Q4 Cc 
OUT 
OR® 


92CL-29225RI 


Fig. 4— Logic diagrams for CD40161B and CD401638 binary counters. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


RECOMMENDED OPERATING CONDITIONS at 7, = 25°C, Except as Noted DRAIN- TO-SOURCE VOLTAGE (Vpg)—V 
For maximum reliability, nominal operating conditions should be selected so that e 
operation is always within the following ranges: 


CHARACTERISTIC 


Y 
er szearvaecee 
er 24ee0' .8888 
7 aeer seeseas 
6G88 48808088 
aan 


Vpp LIMITS 
(Vv) | 
Supply Voltage Range (Full Tq = Full Package - 
Temperature Range) 
Setup Time: tsy 
Data to Clock 


ac 


OUTPUT HIGH (SOURCE) CURRENT (I oH)— mA 


Load to Clock 


92CS-24320R3 
Fig. 5— Typical output high (source) 
current characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 
-15 -10 -5 fe) 


PE or TE to Clock 


Clear to Clock 
(CD40162B, CD40163B) 


wn n 


All Hold Times, ty He ov peer 


Clear Removal Time, trem 
(CD40160B, CD40161B) 


— AO — == G) — —_— (,) 
Oo © op fhSionhf 
fan) oo o16o 2 © 


= = 
ao o 
= 
onnin 
ooo!loo 


OUTPUT HIGH (SOURCE) CURRENT(LOH)—mA 


Fig. 6 Minimum output high (source) 
current characteristics. 


Clear Pulse Width, tWe 
(CD40160B, CD40161B) 


° 
mn 


Clock Input Frequency, 


er AMBIENT TEMPERATURE (Ta }+ 28°C Seesseeueseenessucs 
aan 


PHL?'PLH }—nas 


Clock Pulse Width, ty 


sal 
cw 


PROPAGATION DELAY TIME (t 


Clock Rise or Fall Time, t-CL or tsCL 


—_ — 
| aon 

a 

an ws 

ooo 
NO 
SE) 
| anoo 


40 8 
LOAD CAPACITANCE SCL pF 928-2997! 
Fig. 7— Typical propagation delay time as a 
function of load capacitance 


cs ra (CLOCK to Q). 


CLOCK CLR LOAD Te OPERATION 
rer 
RESET (cD40160B, CD40161B) 


35 RESET (CD40162B, cD40163B) 
x | x | NC (CD40162B, CD40163B) 
Fig. 8— Typical transition time as a function 


1= HIGH LEVEL 0 = LOW LEVEL X = DON’T CARE NC = NO CHANGE of load capacitance. 


AMBIENT TEMPERATURE (T, 


TRANSITION TIME (tTHt.tTLH)—As 


60 100 
LOAD CAPACITANCE (C,_)— pF 92CS- 24322 


440 


CD40160B, CD40161B, CD40162B, CD40163B Types 


STATIC ELECTRICAL CHARACTERISTICS 


10S] AMBIENT TEMPERATURE (Tq)#=25°C ff tie 
: |] OZ 


LIMITS AT LNDICATED TEMPERATURES (°C) : Tet 
7HARAC- CONDITIONS | values at -55, +25, +125 Apply to D, F, K, H, Packages | | : 
TERISTIC Values at -40, +25, +85 Apply to E Packages tT & 
| | oT | 
(vy | (wv) | (vy) +85 |+125 | Min. | Typ. |Max.| ; 
uiescent 0 x OS |] 5 | 150] 150[- | 004] 5 : 
Device te 300 ee yal |F a 
urrent, 20 20 | | 
| Max. {| | | 
pote Peseta en | Someones ion, | Le HL pian, 
0.42} 0.36] 0.51 1 -29967 
re Come Ee ee ee a ec, 
(Sink) Current (05 [oto| 10] 16] 15[ 11) 09] 13] 26] -_ function of CLOCK frequency. 
om. [is ors] 15 [ 42] «| 28] 24] a4] oa] — | 
“oun [28] 05] 5 [-064] a6 [002] 02 |-asi] 1 | — Jos 
(Source) [25 | 06] 5{ -2| -18| -13]-1.15| -16] -32| - | 
logan, — [9S] 9.10] 10 | -1.6] -1.5 | -1.1] -0.9[ -13] -26] - | 
Jutput Voltage: | - | 05] 5| |= | 00.05] 
LowLeve, | ~ [orojio{ 05 | ~ | 0.08) 
Jutput a 9 ee ee eee = 
Han evel foroliof 995 | 9.95] 10 _— 
vane! [Joos [is] 8 Fieo 15 | |g sommes 
Fig. 10— Dynamic power dissipation test 
Voltage | 19 | pee 
Input High 0.5,4.5 2 
Voltage, 1,9 
Vip Min. 11 aa 
C = 
| acc 
Vss 
Fig. 11— Quiescent-device-current test circuit. 
v 
sake ig TERMINAL ASSIGNMENT 
Yoo NOTE: INPUTS OUTPUTS 
So BE 6 oo 
meUTs TOEITHER. a Vie + : a 
Yoo & ss: 6 a4 
= Vss Oa ANY COMBINATION ; —_ 
92CS- 27402 OF INPUTS TOP VIEW 
92CS-27441R! 92CS- 2945S 
Fig. 12— Input-current test circuit. Fig. 13— Input-voltage test circuit. 


441 


CD40160B, CD40161B, CD40162B, CD40163B Types 


442 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; 


Input t,, te = 20 ns, Cy = 50 pF, Ry = 200 k&2 
LIMITS 
ALL TYPES* 


TEST 
UNITS 
iin. | Typ. | Wax 


CONDITIONS 
Vpop (V) 

225 | 450 

95 | 190 

70 | 140 

250 

110 

80 


CHARACTERISTIC 


CLOCK OPERATION 


Propagation Delay Time, tpyy).tp_y 
Clock to Q 


Clock to CoutT 


TE to CoutT 


Minimum Setup Time, 240 


Data to Clock 


Load to Clock 


PE to TE to Clock 


Minimum Hold Time, 


Transition Time, ttyytTLH 


Minimum Clock Pulse Width, 


Maximum Clock Frequency, 


Maximum Clock Rise or Fall Time,t 
t,-CL, CL 


200 
70 Us 
CLEAR OPERATION 


Propagation Delay Time, = tpyy_ 250 500 
(CD40160B, CD40161B) 110 220 
Clear to Q 80 160 


Minimum Setup Time, te 170 340 
(CD40162B, CD40163B) 
Clear to Clock 


Minimum Hold Time, tH 


(CD40162B, CD40163B) 
Clear to Clock 


di 
Did 
_, © 
No Ww 
—_ — A) 
on ws Sas 
ooo;oo°o 


Minimum Clear Removal Time, trem 
(CD40160B, CD40161B) 


Minimum Clear Pulse Width, tWLe 
(CD40160B, CD40161B) 


* Except as noted. a. 

t If more than one unit is cascaded in the parallel clocked application, t-CL should be made less than or equal 
to the sum of the fixed propagation delay at 50 pF and the transition time of the carry output driving stage 
for the estimated capacitive load. 


CD40160B, CD40161B, CD40162B, CD40163B Types 


CLEAR(CD 401608) we 
| ASYNCHRONOUS 


CLEAR(CD401 
Rane | [ SYNCHRONOUS 


DATA Pe | 


INPUTS 
OE A A nee neve ere eran eran ne vn eee me 


L | 
Pe 


mec" 7 FLL PLE LLL LI LS LL 


| | 
CLOCK(CD4 01628 LS LE LE LI LL Lr 


ENABLES 


STE 


o eee 
a ee = = = 


| t 
| | | 


OUTPUTS — 


CARRY OUT 


| | COUNT. a inal INHIBIT 


CLEAR PRESET 


92CL-29228R) 


Fig. 14— Timing diagram for CD40160B, CD40162B. 


CLEAR (CD40161B) ASYNCHRONOUS 
CLEAR (CD40163B ) SYNCHRONOUS 


FS 


DATA - °2 << 


INPUTS 
Ce ee eg eee 
Oe ee a ee) ee 
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eee Ee ee er Lai eri 


| | 
PE | | | : | | 
cuss 


| ; | ca a 

OUTPUTS aia: | 
ee ee agg eee 
aoe rr 


CARRY OUT 7 iD 


et 


CLEAR PRESET 


92CL-29229RI 


Fig. 15— Timing diagram for CD40161B, CD40163B. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


tLR O° 10 20 30 40 50 60 70 80 90 100 6109 

ore a oe ee ee ee ee ee ee Se ee 

80 — 

70 — 

60 — 

50 — 
80-88 
2.032-2.235) 

40 — 


CL 
O CL Qn 
Lat | 
ky | 
On o —! 
=— 4-10 
92CM- 29226 (0.102-0.254) 


Fig. 16— Detail of flip-flops of CD40160B8 and CD40161B (asynchronous clear). ” = a re ‘. 1 ee ees 


a 


92CM-29968 


Dimensions and pad layout for CD40160BH. Dimensions and pad layout 
for CD40161BH, CD40162BH, and CD40163BH are identical. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10— 3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Fig. 17— Detail of flip-flops for CD40162B and CD40163B (synchronous clear). 


toan —————__ : . = : amie 
Voo i 


Pl P2 P3 P4 | 


Q! Q2 Q3 Q4 


CLOCK 


CLEAR 
92CM- 29969 
Fig. 18 — Cascaded counter packages in the parallel-clocked mode. 
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92CM- 29970 


Fig. 19 — Cascaded counter packages in the ripple-clocked mode. 


Bas 


CMOS Hex ‘D’-Type 
Flip-Flop 


High-Voltage Types (20-Volt Rating) 


The RCA-CD40174B consists of six identical 
'D'-type flip-flops having independent DATA 
nputs. The CLOCK and CLEAR inputs are 
common to all six units. Data is transferred 
to the Q outputs on the positive-going 
transition of the clock pulse. All six flip-flops 
are simultaneously reset by a low level on 
the CLEAR input. 


The CD40174B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Features: 

# 5-V, 10-V, and 15-V parametric rating 

®@ Standardized symmetrical output 
characteristics 

= 100% tested for quiescent current at 20 V 


® Maximum input current of 1 uA at 18 V 
over full package-temperature range; 


100 nA at 18 Vand 25°C 
® Noise margin (over full package-temperature 
range): 1VatVpp= 5V 
2 V at Vpp = 10 V 
2.5 V at Vpp = 15 V 
@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


MAXIMUM RATINGS, Absolute-Maximum Values: 


JC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voitages referenced to Vgg Terminal) 
NPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For T, = -40 to +60°C (PACKAGE TYPE E) ......... 
For Tp, = +60 to +85°C (PACKAGE TYPE E) 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K).. 
For Ty = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For Ta 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE (T tq) 
~-EAD TEMPERATURE (DURING SOLDERING): 


| 


oo eee enews 


Ce 


ee ae ee ee Se ee 


Cr 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


0*O- ee 


3(4,6,11,13,14) 


* ALL INPUTS (TERMS 1,3,4,6,9, 
1, 13,14) PROTECTED BY COS/MOS 
PROTECTION NETWORK 


= FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


buss Rsatet Aton atasiat Aa voe Aeaad ane eue bd © achieve a det -0.5 to +20 V 
ss id sara asl Saad Ea teeta asd nas -0.5 to Vpp +0.5 V 
sou dnas tateeauwteerasesGs aaa be ae eeee +10 mA 


pias ein Sin en pas bee Na aeu we Cees e oh eeue 500 mW 
Derate Linearly at 12 mW/°C to 200 mW 
500 mW 


eae eee noes 
O89 00, ©. Be O&O a oe ee 08 es Oe OW Oe 8 8 88 ee Oe ee 6 


Cae ar Se Se a er ae Oe Se a | 


-55 to +125°C 
-40 to +85°C 
-65 to +150°C 


CHE Ee ae UO am ae SA ce Ae SM Te TE GR Je a eS 
i 


Ce 


hatahe Rees mecenne Ase hae +265°C 


2(5,7,10,12,15) 


92CS- 2983) 


Fig. 1 — Logic diagram (1 of 6 flip-flops). 


CD40174B Types 


42CS 2923) 


FUNCTIONAL DIAGRAM 


Applications: 


@ Shift Registers 
= Buffer/Storage Registers 
& Pattern Generators 


TRUTH TABLE FOR 1 OF 6 FLIP-FLOPS 


0 = Low Level 


TRANSITION TIME (trHL.tTLH)—ns 


a 


INPUTS 


X = Don’t Care 
NC = No Change 


1 = High Level 


AMBIENT TEMPERATURE (Ta)=25°C : 


40 60 80 100 
LOAD CAPACITANCE (C, )— pF 


92CS-24322 


Fig. 2— Typical transition time as a function 
of load capacitance. 
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CD40174B Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that operation is 


always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For T, = Full Package- 
Temperature Range) 
5 


Data Setup Time, tsy 

Data Hold Time, ty 

Clock Input Frequency, fo, 

Clock Input Rise or Fall Time, t,CL, teCL 
Clock Input Pulse Width, ty), tw 

Clear Pulse Width, ty. 


Clear Removal Time, trey 


4-10 
(0.102-0.254) 


7 
(2.007-2 


Dimensions and pad layout for CD40174BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° © inch). 


UNITS 
| Min | Max 


V 


3 
40 
20 ns 
10 


80 


| 
| 
| 
87 
209) "| 


92€5~-29835 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal! 
dimensions shown. 
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Fig. 3— Typical output low (sink) current 
characteristics. 
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Fig. 4— Minimum output low (sink) current 
characteristics. 
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Fig. 5— Typical output high (source) current 
characteristics. 


DRAIN~TO-SOURCE VOLTAGE (Vps)—V 

= -15 -10 -§ Ce) 

AMBIENT TEMPERATURE (Ta)= 25°C} HHH 
} GUST RRES 


PTT TLELS 


Sees esesse-<" 


eH 


sgsuceesuseeessessss 
asisutrtstitiss 
HHH a a 
92CS-2432IR2 


Fig. 6-- Minimum output high (source) current 
characteristics. 
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CD40174B Types 


STATIC ELECTRICAL CHARACTERISTICS 
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coment oro] io] 16] 15{ ttf 09) 13] 26 | — function of CLOCK frequency. 
Sa a _ 
a = wl al sscscceseccesecaaa 
Dutput High ee mA HES 
(Source) —1.8) —1.3/—1.16 see HH gees 
| 0:9) sessssecesae 
sugezasee HH 
seceessscts see 
scstatececentiii 
HH 
HY 


o 
on 


Jutput Voltage: 
High-Level, 
VOH Min. 


LOAD CAPACITANCE (C;_) — pF 


92CS-29833 
Fig. 8— Typical propagation delay time (CLOCK 
to OUTPUT) as a function of load 
capacitance. 
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Fig. 9— Dynamic power dissipation test circuit. 
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Fig. 10— Definition of setup, hold, propagation delay, 
and removal times. 
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Fig. 11 — Quiescent device current test circuit. 
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CD40174B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C: 
Input t,, te = 20 ns, Cy = 50 pF, Ry * 200 kQ. 


TEST 
CHARACTERISTIC CONDITIONS 


Propagation Delay Time 
Clock to Output, = tpyy,, tpry 


Clear to Output, 


Transition Time, 


Minimum Pulse Width, 
Clock, 


Minimum Data Setup Time, 


Minimum Data Hold Time, 


Maximum Clock Frequency, fox 


Maximum Clock Rise or Fall 
Time, t-CL, teCL 


Input Capacitance, Cy ,y 
Clear 


All other 


Minimum Clear Removal 
Time, trem 


00 


Yoo 
nimire INPUTS OUTPUTS 
TERMINAL ASSIGNMENT 
Voo NOTE Vin 
One MEASURE INPUTS a + 
° SEQUENTIALLY, yo , ane 
Vss TO BOTH Vop AND Vgg° IL | hi 
CONNECT ALL UNUSED . 
INPUTS TO EITHER 
Yoo OR Vss NOTE. 
Yss 


| 
2 
3 
4 
TEST ANY COMB ; 
INATION 6 
Vss OF INPUTS > 
2eCaxe74Qe 92CS-27441R) 8 
TOP VIEW 
* : : . ° . 92CS- 29232 
Fig. 12 — Input current test circuit. Fig. 13 — Input voltage test circuit. 
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CMOS Quad ‘D’-Type Flip-Flop 


High-Voltage Types (20-Volt Rating) 


Features: 


# 100% tested for quiescent current 
at 20 V 
@ Maximum input current of 1 pA at 
18 V over full package- 
temperature range; 100nA at 18 V 
and 25°C 
# Noise margin (full package- 
temperature range) = 
17Vat VOD=5V 
2 Vat VoD= 10V 
2.5 Vat VoD= 15 V 
w 5-V, 10-V, and 15-V parametric 
ratings 


® Meets all requirements of JEDEC 
Tentative Standard No. 13B, 
“Standard Specifications for 
Description of ‘B’ Series CMOS 
Devices” 

s Output compatible with two HTL 
loads, two low power TTL loads, 
or one low power Schottky TTL 
load 

# Functional equivalent to TTL 74175 

a Standardized symmetrical output 
characteristics 

Applications: 

8 Shift registers 


CD40175B Types 


92CS-34508 


CD40175B 


s Buffer/storage registers FUNCTION DIAGRAM 


# Pattern generators 


The RCA CD40175B consists of four identical D-type flip- 
flops. Each flip-flop has an independent DATA D input and 
complementary Q and Q outputs. The CLOCK and CLEAR 
inputs are common to all flip-flops. Data are transferred to 
the Q outputs on the positive-going transition of the clock 
pulse. All four flip-flops are simultaneously reset by a low 
level on the CLEAR input. 


These devices can function as shift register elements or as 
T-type flip-flops for toggle and counter applications. 


The CD40175B is supplied in hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


| 
2 
S 
4 
5 
6 
7 
8 


Vpp = PIN I6 
Vsg = PIN 8 92CS- 34507 
TERMINAL ASSIGNMENT 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voliages referenced to Vee Terminal) ...ccccaseeveans scdanednddase dans oes code boa ndnneaed 08 ne ase Reet eet acine anes -0.5 to Vpp +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS. a6 csccewesdees ches wa kn ho geed ons s050nse¥eSs 5 bate saree dsb eee ee eed aweesie we -0.5 to Vpp +0.5 V 
DOGINPUT CURRENT, ANY ONEINPUP os060 050005 bie vn ve Seek ais 4eseee ne wd eee ies hee es erdde ten ays eneg de te Oe does Hoc eR ewe +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E) ..... 1. eee cece center e ene ee ene enn een e nee ene nee e nee es 500 mW 

For Tp = +60 to +85°C (PACKAGE TYPE E) ........ cece eee e cece eee e erent cence enn eennees Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K)......... eee c cece eee cece cece teen ence ence ener enens beteeeeeeeeee eens 500 mW 

For Ta, = +100 to +125°C (PACKAGE TYPES D,F, K) ...... 0. eee e eee cece ence eee ence ences Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package TypeS) ......-. 6. esses eee e teen cree eee n teen eee n nen ens 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES 0. A oishvches ccaaddy Count he n4 Sadr ie Bic anise HeRe B98. EKEe De HKRee Ss Ub ARNE TSH 0s C4 Dae eee Eds ees -55 to +125°C 

PACKAGE TYPE E andes axed wkae dou bob pd oie CeRb CONS Res 26'b4 404554090506 TEES EwS 5 BOER CHa ean SSE ee eS EeTENE eH eee ae -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) .-- +: 00sec eer ere ree ee eet ene teen e etn tne t renee t ete e teen ene es -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 = 1/32 inch (1.59 = 2.79 Mm) (WOM CASE TOF TO SINGK. .x.ecccs ceed scagGesieseaeRs ede tcenece ents ieekieeneeh da% +265°C 
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CD40175B Types 


RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


LIMITS 


CHARACTERISTIC Cwm. | max. UNITS 
Supply-Voltage Range (For TA= Full Package-Temperature Range)  - {| 3 | 2 | vi | 
5 


120 
Data Setup Time tSU 10 50 


S 80 

Data Hold Time 10 40 
15 30 
is} — 

Clock Input Frequency 10 dc MHz 
fete || 
5 15 

Clock Input Rise or Fall Time trCL, tfCL 10 ff epee 
15 15 


3 250 
Clock Input Pulse Width tWL, tWH 10 100 
15 75 
5 200 
Clear Pulse Width 10 80 
15 60 
5 250 
Clear Removal Time 10 100 ns 
15 80 


4 VOD 


VSS 


* Inputs Protected 
by CMOS Protection CL 


A 


Fig. 1 - Logic diagram (1 of 4 flip-flops). 
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STATIC ELECTRICAL CHARACTERISTICS CD40175B Types 


LIMITS AT INDICATED TEMPERATURES (°C) 


CHARACTERISTIC CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages UNITS 


Values at -40, +25, +85 Apply to E Package 
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TRUTH TABLE FOR 1 OF 4 FLIP-FLOPS 
(Positive Logic) 


be— 1 PHL 


1=High Level X=Don’t Care O=Low Level 


% (LH) OR (HL) OPTIONAL 
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Fig. 2 - Definition of setup, hold, propagation 
delay, and removal times. 
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CD40175B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input tr, tt = 20 ns, Ct = 50 pF, Rt = 200 kN 


LIMITS 


TEST 
CONDITIONS 
Vpp (V) 


CHARACTERISTIC UNITS 


TYP 


100 200 
50 100 
40 80 
220 400 
90 160 
70 120 
325 500 
130 200 
100 150 
110 250 


Transition Time tTHL, tTLH 


Propagation Delay Time 
Clock to Q Output tPHL, tPLH 


Propagation Delay Time 
CLEAR to Q Output 


Minimum Pulse Width 
Clock 


100 200 


Oo 
oO Oo 


Maximum Clock Frequency 


Maximum Clock Rise or Fall Time trCL, tfCL 
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Minimum Clear Removal Time t+ 
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$ CLEAR signal must be high prior to positive-going transition of CLOCK pulse. 
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Fig. 3 - Typical propagation delay time (CLOCK Fig. 4 - Typical transition time as a function of 
to OUTPUT) as a function of load load capacitance. 
Capacitance. 
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Fig.5- Typical output low (sink) current 
characteristics. 
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Fig. 7- Typical output high (source) current 
characteristics. 
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Fig. 9 - Typical dynamic power dissipation asa 
function of CLOCK frequency. 
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Fig.6- Minimum output low (sink) current 
characteristics. 
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Fig. 8- Minimum output high (source) current 


characteristics. 
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Fig. 10- Dynamic power dissipation test circuit. 
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CD40175B Types 
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Fig. 11 - Quiescent device current test circuit. 
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Fig. 12 - Noise immunity test circuit. 
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Fig. 13 - Input leakage current test circuit. 
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Dimensions and pad layout for CD40175BH. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10°93 
inch). 


The photographs and dimensions of each CMOS chip 
represent achip when itis part of the wafer. When the wafer 
is separated into individual chips, the angle of cleavage may 
vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ 
slightly from the nominal dimensions shown. The user 
should consider a tolerance —3 mils to +16 mils applicable 
to the nominal dimensions shown. 


CMOS 4-Bit 
Arithmetic Logic Unit 


High-Voltage Types (20-Volt Rating) 


The RCA-CD401818B is a low-power four-bit 
parallel arithmetic logic unit (ALU) capable 
of providing 16 binary arithmetic operations 
on two four-bit words and 16 logical func- 
tions of two Boolean variables. The mode 
control input M selects logical (M = High) or 
arithmetic (M = Low) operation. The four 
select inputs (SO, S1, S2, and S3) select the 
desired logical or arithmetic functions, 
which include AND, OR, NAND, NOR, and 
exclusive—OR and—NOR in the logic mode, 
and addition, subtraction, decrement, left- 
shift and straight transfer in the arithmetic 
mode, according to the truth table. The 
CD40181B operation may be interpreted 
with either active-low or active-high data at 
the A and B word inputs and the function 
outputs F, by using the appropriate truth 
table. 

The CD40181B contains logic for full look- 
ahead carry operation for fast carry gener- 
ation using the carry-generate and carry- 
propagate outputs G and P for the four bits 
of the CD40181B. Use of the CD40182B 
look-ahead carry generator in conjunction 
with multiple CD40181B’S permits high- 
speed arithmetic operations on long words. 
A ripple carry output C,,+4 is available for 
use in systems where speed is not of primary 
importance. 

Also included in the CD40181B is a com- 
parator output A = B, which assumes a high 
level whenever the two four-bit input words 
A and B are equal and the device is in the 
subtract mode. In addition, relative magni- 
tude information may be derived from the 
carry-in input C,, and ripple carry-out out- 
put C,44 by placing the unit in the subtract 
mode and externally decoding using the 
information in Table III. 

The CD40181B types are supplied in 24- 
lead hermetic ceramic dual-in-line pack- 
ages (D and F suffixes), 24-lead dual-in-line 
plastic packages (E suffix), 24-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


The CD40181 is similar to industry types 
MC14581 and 74181. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating 
conditions should be selected so that 


operation is always within the following ranges: 


CHARACTERISTIC UNITS 
| _Min.| Max. 


Supply-Voltage Range 
(For Ta=Full Package- 
Temperature Range) 


CD40181B Types 


Features: 


® Full look-ahead carry for speed operations on long words 

® Generates 16 logic functions of two Boolean variables 

® Generates 16 arithmetic functions of two 4-bit binary words 
# A = B comparator output available 

® Ripple-carry input and output available a FUNCTION 
® Typical addition time 200 ns @ Vpp = 10 V 

®@ Standardized, symmetrical output characteristics 
® 100% tested for quiescent current at 20 V nea RIPPLE 


FUNCTION SELECT 


A*B COMPARE 
OuT 


® Maximum input current of 1 vA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 

® Noise margin (full package temperature range) Ht 

=1Vat Vpp =5 V 
=2 Vat Vpp= 10 V 
= 2.5 Vat Vpp = 15 V 

#5-V, 10-V, and 15-V parametric ratings 

®@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


CARRY IN 
MOOE 
CONTROL 


1S PARP HRY 


(Active-low data) 
FUNCTIONAL DIAGRAM 


FUNCTION SELECT 


Applications: 

® Parallel arithmetic units FUNCTION 
® Process controllers 

® Low-power minicomputers 


14 A=B COMPARE 
OUT 


16C RIPPLE 
+4 cARRY 


CARRY IN 


MODE 
CONTROL OUTPUTS 


Vop =24 
Vgg =!2 92CS-28387R2 
(Active-high data) 
FUNCTIONAL DIAGRAM 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Voc Terminal) .icccesescseserscesessenseesues sane ebanasaeenwas -0.5 to +20 V 
INPUT YOLTAGE RANGE, ALL INPUNS: oxic ectenn pas tesdonwesaseendadesaivatexagaesn -0.5 to Vpp +0.5 V 
DC INPUT GURRENT,ANY ONE INPUT ccicandasconctecdied fonareegesa pe hiraintensongcveswes +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = -40 to +60°C (PACKAGE TYPE E) ........ 2... cece ccc e ete eee eee e eet eee e nes 500 mW 

For T, = +60 to +85°C (PACKAGE TYPE E) .............--.05: Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE FVPES Dy PA ecnenst scent cade hue ee sxeeesgyeses iene es 500 mW 

For Tp, = +100 to #125°C (PACKAGE TYPES D, F, K) xxi csucane Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (AI PACKAGE TYP6S) 2. vows ceecsccadeaneens 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES U,.F,.B.A) 422.45 sonsne bits 0desee red cerewdateeaw andes oe eed s ad esiawey -55 to +125°C 

PACKAGE TYPE © occ ccccebeawecere¥Ghssusseawsaeasd sedaeeeeeUheeees se vs eee eraewewas -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) TTT eT Te ee re ee -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ........... cece eee eee +265°C 
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Fig. 2 — Minimum output low (sink) 
current characteristics. 


Fig. 1 — Typical output low (sink) 
current characteristics. 
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CD40181B Types 
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Fig. 6 — Typical propagation delay time as a 
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10 
* | © Fi é 
68 © F 
TS 2 
— x 
= 
* 9 
i 6 » FO 
LOAD CAPACITANCE (C,_)— pF ee ane 
* 8 Fig. 7 — Typical transition time as a function 
mc >< > * ALL INPUTS PROTECTED of load capacitance. 
BY COS/MOS PRO 7 
: Se NETWORK S2CL-2771 
n Vss 
Fig. 3 — CD40181B logic diagram (active-low data). 
z 
4 
| 
we) 
= 
z 
° 
& 104 
a 
” 
o 
(a) 
wo 
DRAIN- TO-SOURCE VOLTAGE (Vps)—V DRAIN-TO-SOURCE VOLTAGE (Vps)—V 2 - 
e 
-15 =10 -5 ° =!5 = =5 2 . M7 LOAD CAPACITANCE (C,)* 50 pF 


AMBIENT TEMPERATURE (Ta)*25°cHi Tit tir 
eaeseeses 


AMBIENT TEMPERATURE (Ta)*25°C44+4444+4+4+41+4 
SOCRRRRERAS 
Ht 4++4 gaeees 


(CL) 15 pF——— 


INPUT FREQUENCY (fiq)) — kHz 
92CS - 20686 


Fig. 8 — Typical dynamic dissipation as a function 
of input frequency (see Fig. 11 — dynamic 
power dissipation test circuit). 
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92CS-24320R5 92CS-24321R2 


Fig. 4 — Typical output high (source) Fig. 5 — Minimum output high (source) 
current characteristics. current characteristics. 


Yss 
92CS-2740'IR) 


Fig. 9 — Quiescent-device-current test circuit. 
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CD40181B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) “oo 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H, Packages 
CHARACTER. Values at —40, +25, +85 Apply to E Package INPUTS ouTPUTS 
ISTIC Ving 


VpD ao + 
(V) . Vin ~ 

Quiescent Device 7 

Current, NOTE: 


v TEST ANY COMBINATION 
IpDpD Max. - OF INPUTS 


92CS-27441R) 


Fig. 10 — Input-voltage test circuit. 
Output Low 


(Sink) Current 
lo Min. 


Output High 
(Source) 
Current, 

1OH Min. 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Nin. 


Input Low : = =Vss 
Voltage TEST CONDITIONS: 
: AO, AIl,A2, A3,S0,S3,M,Cn * Vop 
VIL Max. BO, BI,82, 83 fin 
S1,S2= Vsg 
Input High ; ; (ALL OUTPUTS SWITCHING EXCEPT G) 


Voltage, 92CS - 238887 


ViH Min. Fig. 11 — Dynamic power dissipation test circuit. 


Input Current 


Yoo 
INPUTS 
Vop NOTE 
a ( MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vgs: 
DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; Input t,, te = 20 ns, CONNECT ALL UNUSED 
I ITH 
= 50 pF, a eas 200 kQ2 Vop OR Vgs: 
Vss 
CHARACTERISTIC a 
| Max. | Fig. 12 — Input current test circuit. 
Propagation Delay Time: tpy , tpLH 800 
A or B to F (logic mode), 160 320 
A or B to Gor P, 120 240 
A or B to F, C, 44, or A= B, 400 ‘ 
280 i 
Bi 
640 iB 
B2 
a3 
B3 
G 
Cn+4 
P 
A=B 
F3 
Transition Time: try L, tTLH 92CS-27708 


Top View 


Terminal Assignment 
(Active-low Data) 


Input Capacitance, Cypy (Any Input) 
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CD40181B Types 


TABLE | 
TRUTH TABLE 


INPUTS/OUTPUT ACTIVE LOW 
ARITHMETIC* FUNCTION 


FUNCTION 


$3 | s2 | s1 | so) 
0; 0 


LOGIC 
FUNCTION 
M=H 


A minus 1 


01/0 
0;01,0 1 AB minus 1 
o/o];1]{0 AB minus 1 
0;0]1] 1 minus 1 
0/1/0/]0{A+B A plus (A + B) A plus (A+B) plus 1 
0o;/1/0/11{B AB plus (A + B) AB plus (A + B) plus 1 
0} 1 1 0;A@B A minus B minus 1 A minus B 80 96 
ol1]/1/1|A+B A+B (A + B) plus 1 LT 
1/0 1]0 | 0]AB A plus (A + B) A plus (A + B) plus 1 
1/0 ;011j/A@B A plus B A plus B plus 1 
1/01]110/]B AB plus (A + B) AB plus (A + B) plus 1 
1/0/1141/A+ B A +B A + Bolus 1 
1 1 0 | 0 |Logic 0 Aplus A A plus A plus 1 
1 1 0 1 |AB AB plus A AB plus A plus 1 122-130 
1/1 11 |0/AB AB plus A AB plus A plus 1 (3.099—-3.302) 
11.4 14.14 A A plus 1 


: eet Pe 
SnHiiaaala a 


ae eal 
3-10 


93-10! 
(2.363- 2.565) 


92CS -28688RI 


INPUTS/OUTPUTS ACTIVE HIGH 


LOGIC ARITHMETIC* FUNCTION 
FUNCTION M=L 


FUNCTION 
SELECT 


Dimensions and pad layout for CD40181BH. 


0; 0 0 A plus 1 
0;0 1,0 1;A +B A+B (A + B)plus 1 
0 0 1 0|AB A+B (A + B) plus 1 Dimensions in parentheses are in millimeters and 
0 | 0 }1 | 1|Logic 0 minus 1 Zero pie NG a aac op a 
asin —_ — . Grid gr ; 
0 { 0 0 AB A plus AB Aplus AB plus 1 icate id graduations are in mils ine 
0o;11/0)]1/B (A + B) plus AB (A + B) plus AB plus 1 
0 1 1 O/A ® B A minus B minus 1 A minus B The photographs and dimensions of each CMOS chip 
0 1 1 1 AB AB minus 1 AB represent a chip when it is part of the wafer. When the 
_ feri ted into individual chips, th i f 
1/o}o}]olA+B A plus AB A plus AB plus 1 piaavage Way Vary Wilh feaiecl! (6 1h Eble lace for 
oiff t chips. Th tual di iO f the isolated 
170 70] 1/A@B A plus 6 Aplus B plus 1 ship. fherelors: may difer slightly dram tha nominal 
1 0 | 1 0;B (A + B) plus AB (A + B)plus AB plus 1 dimensions shown. The user should consider a tolerance 
: of —3 mils to +16 mils applicable to the nominal 
: : : aa 1 reclal ned s Aplus 1 dimension —_ ~ | 
u u 
1/1 1/0/11/A4+B (A + B)plus A (A + B) plus A plus 1 
1/1141 /0/A+B (A + B)plusA (A + B)plus A plus 1 
1 1 1 TIA A minus 1 A 


* Expressed as two’s complement. 1 = HIGH LEVEL 0 = LOWLEVEL 
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CD40181B Types 


TABLE II 
AC TEST SETUP REFERENCE (ACTIVE-LOW DATA) 


TEST AC PATHS DC DATA INPUTS 


DELAY TIMES INPUTS | OUTPUTS TO Vss TO Vpp 


SUM), to SUMoyt Any F B1, B2, B3, | All A’s 
M, Cy, 
SUMyj to P AO Al, A2, A3,| All B’s 
M, C,, 
SUM), to G All A’s B1, B2, B3 ADD 
M, C,, 
SUMy to Ca44 eta ge A‘ > B1, B2, B3 ADD 
C,, to SUMguT S. Any F All A's, All B's ADD 
M 
C16 C 4a c. Casa All A's, All B’s ADD 
M 
SUM) to A= B A=B All A’s, C. SUBTRACT 
B1, B2, B3, 
M 
SUMjjqy to SUMOyT AllB’s | Any F All A’s, EXCLUSIVE 
(Logic Mode) C, OR 


MODE* 


* ADD Mode: SO, S3 = Vop: Si. $2 = Vss- SUBTRACT Mode: SO, $3 = Vssi $1,$2 = Vop: 
TABLE III 
MAGNITUDE COMPARISON 
ACTIVE — HIGH DATA ACTIVE — LOW DATA 


INPUT | OUTPUT MAGNITUDE INPUT | OUTPUT MAGNITUDE 
<a a —s a 


1 = HIGH LEVEL 
0 = LOW LEVEL 
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CD40182B Types 


CMOS Look-Ahead 
Carry Generator 
High-Voltage Types (20-Volit Rating) 


The RCA-CD40182B is a high-speed look- 
ahead carry generator capable of anticipating 
a carry across four binary adders or groups 
of adders. The CD40182B is cascadable to 
perform full look-ahead across n-bit adders. 
Carry, propagate-carry, and generate-carry 
functions are provided as enumerated in the 
terminal designation below. 


The CD40182B, when used in conjunction 
with the CD40181B arithmetic logic unit 
(ALU), provides full high-speed look-ahead 
carry capability for up to n-bit words. Each 
CD40182B generates the look-ahead (antici- 
pated carry) across a group of four ALU’s. 
In addition, other CD40182B’s may be em- 
ployed to anticipate the carry across sections 
of four look-ahead blocks up to n-bits. Carry 
inputs and outputs of the CD40181B are 
active-high logic, and carry-generate (G) and 
carry-propagate (P) outputs are active-low. 
Therefore the inputs and outputs of the 
CD40182B are compatible. 


The CD40182B types are supplied in 16- 
lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and inchip form (H 
suffix). 


The CD40182B is similar to industry type 
MC14582. 


TERMINAL DESIGNATIONS 


Active-Low 


Inputs 


Active-Low 
Group 


Output 


Active-Low 
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DESIGNATION | TERM. FUNCTION 


Carry-Generate 


Carry-Propagate 


Features: 


= Generates high-speed carry across four adders 
or adder groups 

® High-speed operations: 
tpHL = tpLH = 100 ns (typ.) @ Vpp = 10 V 

® Cascadable for fast carries over N bits 

® Designed for use with CD40181B ALU 

= 100% tested for quiescent current at 20 V 

#5-V, 10-V, and 15-V parametric ratings 

® Standardized, symmetrical output 
characteristics 

® Maximum input current of 1 WA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 

® Noise margin (full package-temperature 
range) = 1VatVpp=5V 

2V at Vop =10V 
2.5 V at Vpp = 15 V 

@ Meets all requirements of JEDEC Ten- 
tative Standard No. 13A, ‘’Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices” 

Applications: 

® High-speed parallel arithmetic units 


@ Multi-level look-ahead carry generation for 
long word lengths 


60 
Gi 
G2 
63 


aazeal 


Voo* 


Vss?8 


92CS-24826R) 


FUNCTIONAL DIAGRAM 


é 
3 
4 
5 
6 
v 
8 


TOP VIEW 


92CS 27624 


TERMINAL ASSIGNMENT 


mean a 


* G3 7 
enna 
} = ae 
rT uy | 
en 
— O O 
% P2 
= anus 
* G2 
14O—Q 


x PO 
C fs Active-High 4 7 H 
” Carry Input | ae 0 5 
Crty, Chty, 12,11.9 Active-High es | 
Ch+z Carry Outputs 13 O—— 


Cnty =GO+PO-C,, 
Chry =G1+P1-GO+P1-PO-C,, 


PB =P3-P2-P1 PO 


Crtz 


O9 


Cnty 
Oll 


Cn+x 
O12 


Fig. 1 — CD40182B logic diagram. 


CD40182B Logic Equations: 


* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 


Vv 
NETWORK ae 


92CM- 27625 


Cy+z =G2+P2-G1+P2-P1-GO+P2-P1-PO-C, 
G =G3+P3-G2+P3-P2-G1+P3-P2-P1- GO 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC UNITS 


MAX. 


Supply Voltage Range (For Ty * Full 
V 
Package-Temperature Range) 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vsg Terminal) .......... eee cece eee eee eee eee nee eees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS: «dc cnovcweeescewees cheeses ce euedscensaues -0.5 to Vpp +0.5 V 
DE INPUT CURRENT, ANY ONEINPUT cevexdéscacrebdaectscends sae dntwieeesenseews sewewe wns +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -40 to +60°C (PACKAGE TYPE ©) ciceewieseswadaacdaceste sVeetechendsapeiatadnesxs 500 mW 

For T, = +60 to #65°C (PACKAGE TYPE E) ¢:.0cccscansdanse eae Derate Linearly at 12 mW/°C to 200 mW 

For Ty, = -55 to +100°C (PACKAGE TYPES D, F, KK) sescasscsewseaescastovstanedacetecestasess 500 mW 

For Ty, = +100 to +125°C (PACKAGE TYPES D, Fy KR) ssussovass Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (AIl Package Types) ..........--.eeeeeeeees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES ©, Fil Ft cos cic deters cacaesdieiebe scion seb ecrrecen ese raeiseues -55 to +125°C 

PACKAGE TYPE © 6 civenud neha vibes bewwet cen eainnaansesseoReed s4ace Ge ceteon adadas -40 to +85°C 
STORAGE TEMPERATURE RANGE (Totg) ..--- 002 -e esse cette erent tee ene eect e eens -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ....... cee eee eee wees +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55 +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package © 


CHARACTER- 


< 
hd 


Quiescent Device 
Current, 


= S 
8s 
oie > 


at 
—_ —" —_ _— NO —_ 


— 
P|: 
ice) 
on 


| -55_ Min. | 
La 
ae = | 10 
15{ 15 | 20 | 20 | 600 | 600 | - | 
0,20 | 100 | 100 | 3000 | 3000 co 4 | 100 | 
Sink) Current [05 [oro] vo [16 [rs [it [os [is [26 [| 
15 [ors] is| a2] 4 | 28 | 24|[34| 68 |_| 
(Source p=2 [are [=13 [-ras|-16 [32 [| 
cent, -98_[oao| 10 [16 [18 |-11 | “08 [13 [26 | 
OH™™ 436 [018 -42[ -4 | -28 | -2.4 |-3.4 p= | 


o 
o) 
a 


Output Voltage: 
Low-Level, 
VoL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


_ 


ee a 
en o N| ow ~ = 
; : fo) 
O] = © 


ol- o|° 
( oO} © 
ba nition 


zr 


Input Low 0.5, 4.5 


Vit Max. 


_ 
on 


© fo) — [=a 
on a ey] on 


—_ 

on 

—2 

w 

oO 

_ 

on roa) 

| 

Ww 
re) 


—_ 
(a) 
=}.1/2 
—_ ™N [Oa] . 


Input High 0.5, 4.5 
Vole, [1.9 | — | 
VIH Min. 


+ 
oO 
— 
i+ 
o 
— 
I+ 
— 
I+ 
— 
I+ 
—_ 
i 
oO 
I+ 
oO 
_ 


Input Current 
lin Max. 


CD40182B Types 
(EES 


AMBIENT TEMPERATURE van 25°C 


oe 
cae 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 


8..ea> 


ee 


DRAIN- TO-SOURCE VOLTAGE (Vps)—V 


Fig. 2 — Typical output low (sink) 
current characteristics. 


ov —mA 
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Ae eh 


OUTPUT LOW (SINK) CURRENT (I 


DRAIN- TO-SOURCE VOLTAGE Noga’ ; 


92S CANOE 
Fig. 3 — Minimum output low (sink) 
current characteristics. 


DRAIN- TO- SOURCE VOLTAGE (Vps)—V 


PCH 
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HH 
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OUTPUT HIGH (SOURCE) CURRENT(I OH)— mA 


ae 


Fig. 4 — Typical output high (source) 
current characteristics. 


92C5- 2432083 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
-15 -10 -5 C) 
edad PETE Df ty 
Ee QESRAOSHHSRSTRERE. 
Seseseecuece 
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92C9-24321R2 


Fig. 5 — Minimum output high (source) 
current characteristics. 
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CD40182B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ty = 25°C; Input t,, tp = 20.ns, Cy, = 50 pF, Ry = 200kQ 


CHARACTERISTIC 


Propagation Delay Time: 


'PHL: 'PLH 
P, G Into P, G Out and Carry Outs 


e 
ec 
a 
=x 
a) 
er 
= 
2 
x 
e 
= 
w 
= 
Ee 
7 
z 
<= 
4 
= 


C,, to Carry Outs 


LOAD CAPACITANCE (C,_)— pF 92CS-24322 


Transition Time: try. tTLH Fig. 6 — Typical transition time as a function of 
load capacitance. 


Input Capacitance Cypy (Any Input) 


10° iH AMBIENT TEMPERATURE (Ta)* 25°C 


POWER DISSIPATION (Pp)— uW 


CL *50 pF —— 
CL *I5 pF --- 


LOAD CAPACITANCE (C_)— pF 


92CS-29259 92CS- 29261 
; A 2 i INPUT FREQUENCY (F7)— kHz 92CS-29260 
Fig. 7 — Typical propagation delay time as a function 2 a 
of load capacitance (P, G In to P, G Out Fig. 8 — Typical power dissipation as a function of Fig. 9 — Power dissipation test circuit. 
and Carry-Outs). input frequency. 
Voo 
Yoo 
INPUTS OUTPUTS 
Vin INPUTS 
Nici + Voo NOTE 
yo / % (x) MEASURE INPUTS 
IL al ° SEQUENTIALLY, 
7 Vss TO BOTH Vpp AND Vs; 
; CONNECT ALL UNUSED 
ole eee INPUTS TO EITHER 
V NY COMBINATION Von OR Vec: 
= OF INPUTS Dp OR Vg 
Vss 
92CS-2744IRI 
Vss 92CS-27402 
92CS- 2740iRI 
Fig. 10 — Quiescent device current test circuit. Fig. 11 — Input voltage test circuit. Fig. 12 — Input current test circuit. 
Applications 


=t—_————- (4) C04016 | ———_________________, 


G2P2 c,,, 63 P3 
c040182 GP 


LOOK - AHEAD 
OUTPUTS 


92CS-27626RI 


Fig. 13 — 16-Bit two-level look-ahead ALU. 
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—_—————-_ (16) C0 4018! 


GI PI Cney 


c040182 c040162 


c040182 


92CM- 27627 
Fig. 14 — 64-Bit full carry look-ahead ALU in 3 levels. 
lam CD401818 -— — —- + 
90 Gnon Gl Pl ney G2 P2 Choq 63 PS ¢, 60 PO Cnex Gl PI Caney 
cb 401828 GP — 
92CL - 29262 
Fig. 15 — Combined two-level look-ahead and ripple-carry ALU. 
DIMENSIONS AND PAD LAYOUT FOR CD40182BH 
(1.600-1.803) 
Ar 4-10 
(0.102 -0.254) 
83-9I 
(2.108-2.311) 
92CM- 33362 
Dimensions in parentheses are in millimeters and The photographs and dimensions of each CMOS chip 
are derived from the basic inch dimensions as represent a chip when it is part of the wafer. When the 


wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


indicated. Grid graduations are in mils ( 10~3 inch). 
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CD40192B, CD40193B Types 


CMOS Presettable Features: 
Up/Down Counters nda lock tines fr courting 
(Dual Clock With Reset) iT eal carry and borrow propag 


® Individual clock lines for counting up or counting down 


High-Voltage Types (20-Volt Rating) 
CD40192 — BCD Type 
CD40193 — Binary Type 


The RCA-CD40192B Presettable BCD Up/ 
Down Counter and the CD40193B Preset- 
table Binary Up/Down Counter each consist 
of 4 synchronously clocked, gated ‘‘D’’ type 
flip-flops connected as a counter. The inputs 
consist of 4 individual jam lines, a PRESET 
ENABLE control, individual CLOCK UP 
and CLOCK DOWN signals and a master RE- 
SET. Four buffered Q signal outputs as well 
as CARRY and BORROW outputs for mul- 
tiple-stage counting schemes are provided. 


The counter is cleared so that all out- 
puts are in a low state by a high on the RE- 
SET line. A RESET is accomplished asynchro- 
nously with the clock. Each output is 
individually programmable asynchronously 
with the clock to the level on the cor- 
responding jam input when the PRESET 
ENABLE control is iow. 


The counter counts up one count on the 
positive clock edge of the CLOCK UP sig- 
nal provided the CLOCK DOWN line is high. 
The counter counts down one count on the 
positive clock edge of the CLOCK DOWN 
signal provided the CLOCK UP line is high. 


The CARRY and BORROW signals are high 
when the counter is counting up or down. 
The CARRY signal goes low one-half clock 
cycle after the counter reaches its maximum 
count in the count-up mode. The BORROW 
signal goes low one-half clock cycle after 
the counter reaches its minimum count in the 
count-down mode. Cascading of multiple pack- 
ages is easily accomplished without the need 
for additional external circuitry by tying the 
BORROW and CARRY outputs to the 
CLOCK DOWN and CLOCK UP inputs, 
respectively, of the succeeding counter 
package. 


The CD40192B and CD40193B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 
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@ Asynchronous reset and preset capability 


= Medium-speed operation—fc,; = 8 MHz (typ.) @ 10 V 


= 5-V, 10-V, and 15-V parametric ratings 

® Standardized, symmetrical output 
characteristics 

= 100% tested for quiescent current at 20 V 

® Maximum input current of 1 uA at 18 V 
over full package temperature range; 100 
nA at 18 V and 25 C 

® Noise margin over full package temperature 
range: 
TVatVpp=5V 2VatVpp=10V 

2.5 V at Vpp = 15 V 

@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


® Up/down difference counting 

= Multistage ripple counting 

® Synchronous frequency dividers 

# A/D and D/A conversion 

® Programmable binary or BCD counting 


BORROW 


CLOCK DOWN CARRY 


RESET Vop*!6 
Vss78 


CD40192B, CD40193B 
FUNCTIONAL DIAGRAM 


92CS- 27561RI 


Yoo 

J 

RESET 

BORROW 

CARRY 

PRESET ENABLE 
J3 

J4 


DN OW PwWwn — 


TOP VIEW 
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CD40192B, CD40193B 
TERMINAL ASSIGNMENT 


CLOCK UP 


@ SAME AS CONTROL LOGIC | 


92CM- 28984R! 


of-d> 
oe 


CLOCK DOWN 


% ALL INPUTS PROTECTED BY 30Q! 
COS/MOS PROTECTION NETWORK 


Fig. 1 — CD40192B logic diagram (BCD). 


CD40192B, CD40193B Types 


92CM- 28984RI Peed) sei 1 


CONTROL LOGIC | m SAME AS CONTROL LOGIC | 


CARRY 
[0 


COUNT -} 0 rT @39 OO 2 tose 7 


92CS- 2898 
Fig. 3 — CD40192B timing diagram. oo 


BORROW 


[>eO 


R4 
ila 


O 
% ALL INPUTS PROTECTED BY 
30 20 6 70 
COS/MOS PROTECTION NETWORK Ql Q2 Q3 Q4 CLRS 


92CL - 28982 


Fig. 2 — CD40193B logic diagram (binary). 
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Fig. 5 — CD40193B timing diagram. 


Fig. 4 — Internal logic of Flip-flop. 


TRUTH TABLE HEE 


CLOCK CLOCK PRESET 

Suu ENABLE RESET ACTION 
7 ae ee COUNT UP 
~ Naaes 1 NO COUNT 


ce 


at) 


mesessecssssesesste TE 


Ses 


OUTPUT LOW (SINK) CURRENT (Ip) —mA 


NO COUNT 
PRESET 
Fig. 6 — Typical output low (sink) 


t=HIGH LEVEL 0 = LOW LEVEL X = DON'T CARE current characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 9IC8 TaNiBRS 
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CD40192B, CD40193B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) .......... cece cee cece rece reer eee e teen ecceneecees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS } é6isc0sovesecas sexes snasevon dosacass taanwes -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT cccdcdnsivcivsdnasescne dads saninses sed sacscann scans +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -40 to +60°C (PACKAGE TYPE E) ........ 0. ses ee eee ee eect teen eee ene ene es eees 500 mW 

For T, = +60 to +86°C (PACKAGE TYPE ©) c. ci c6ssssissassess Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES UF.) ciesn sede toaeai ns pesevia 655 05e Seascekeses 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............000e0e0es 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES DIELG 2cectarccdccewievssetcecees ce seasiscipsarasesss sere seuss -55 to +125°C 

PACKAGE TYPE.E: 9 inca ceces tacniss harden ards Gees Cuvee esse secu daseniesstivenennans -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) (i eedeeek cies eosee wa VeNeReeeNenesinwiss hnews -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. .......... cece ee eee eee +265°C 


RECOMMENDED OPERATING CONDITIONS at Tg = 25°C (unless otherwise specified) 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges. 


CHARACTERISTIC 


Supply Voltage Range (For T, = Full Temp. Range) 


Removal Time: 
RESET or PE 


Pulse Width: 
RESET 


~S 
oO 


Clock Input Frequency 


Clock Rise & Fall Time 


& —_ 
Dn O © 
pp oe 


ail Md ale > 
| | 


CLOCK — Mea | 
| | 
WaBLh ELL AED ceed Sera 
PRESET ENABLE r | = 
; | -t—- 'rem 
* oe 
RESET OR PRESET ENABLE 
REMOVAL TIME 


92CS - 27562RI 


Fig. 10 — Timing diagram defining benee 
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ov —mA 


OUTPUT LOW (SINK) CURRENT (I 


4 
va ae 

‘G98 09 B08 SERRE HSESS PSOVS SBT HA CERES SeeSeRROe 
2.8085 CERT F SR 2H5 CHATS OCCTOS ORCA HET ORREe SEED 


DRAIN- TO-SOURCE VOLTAGE (Vps)—V 92CS -24319R1 


Fig. 7 — Minimum output low (sink) 
current characteristics. 


DRAIN- TO- SOURCE VOLTAGE (Vps)—V 


SSSGSERRBReeseS 
tte tt tp ett thee 

HHH i SESERER eRe 

HHH Gate -TO-SOURCE VOLTAGE (Vgs)#-5V 


rt 
Ce 


OUTPUT HIGH (SOURCE) CURRENT(IOH)—mA 


92C5-24320R3 


Fig. 8 — Typical output high (source) | 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
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Ses sssesse. 
% @. 128e8: [| 
oe eeseuai' soooeeee 


eee. 'eeseasa 
OUTPUT HIGH (SOURCE) CURRENT (I oH)—mA 


92CS8-24321R2 


Fig. 9 — Minimum output high (source) 
current characteristics. 


TRANSITION TIME (tTHL.tTLH)—ns 


60 100 
LOAD CAPACITANCE (C, )— pF 92CS - 24322 


Fig. 11 — Typical transition time as a 
function of load capacitance. 


CD40192B, CD40193B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 
Vv 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


CHARACTER- 
ISTIC 


(V) (V) 


Quiescent Device 
Current, 
IDD Max. 
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Output High 
(Source) 
Current, 


10H Min. 


Output Voltage: 
Low-Level, 
VoL Max. 


— 
Ww s 
oO 
ol colo 
on on on} o 


Output Voltage: 
High-Level, 
VOH Min. 


<=) rs 
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j=) 
on 
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— —_ — — NOT — 
om Alan 1a AI AH a Sla <9 
oO 
| 
=) 
ron 
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(=) 
—_ 
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Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
ViH Min. 


Oo 
on 
p=) 
nn 


Input Current 
lin Max. 


J — 
WwW 
on 
Ww 
on 


4-10 


. | =. - 0.254) 


“thet 
(2.819 - 3.022) 


, Dimensions and pad layout for the CD40192BH 
(dimensions and pad layout for the CD40193BH 
are identical). 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 
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Fig. 12 — Typical propagation delay time 
as a function of load capacitance. 
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POWER DISSIPATION (Pp)— BW 
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Fig. 13 — Dynamic power dissipation. 


88-96 
(2.235— 2.438) 


92CS-28930RI 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD40192B, CD40193B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty, = 25°C 
Input t,, te = 20 ns, C; = 50 pF, Ry = 200 kQ2Q 


CHARACTERISTIC 


Propagation Delay Time tpy,, tpl: 
CLOCK UP or CLOCK DOWN to Q, RESET toQ 


LIMITS UNITS 
Typ. 


N 
4) 
oO 
on 
oO 
oO 


NR 
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of 
oOo 


— NO 
~ OO 
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oe 
oo Oo 


160 | 320 
80 | 160 
60 | 120 


300 | 600 
150 | 300 
110 | 220 
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100 
80 


40; 80 
20 | 40 
30 


240 | 480 
150 | 300 
130 | 260 


CLOCK UP to CARRY, CLOCK DOWN to BORROW 


RESET or PE to BORROW or CARRY 


Transition Time, ttyH_, tTLH 


Min. Removal Time, Gon RESET or PE 


—_ 
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Min. Pulse Width, ty, RESET 


CO NO 
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Max. Clock Input Frequency, fo. 


Clock Rise & Fall Time, te, ty 


Input Capacitance, Cj,y: 
RESET 


All Other Inputs 


* The time required for RESET or PRESET ENABLE control to be removed before clocking (see timing 
diagram, Fig. 10. 


Jl J2 U3 J4 Ji J2 U3 4 


CLOCK UP 


CLOCK DOWN 


Qi Q2 Q3 Q4 


Fig. 18 — Cascaded counter packages. 


RESET 


PRESET 
ENABLE 


92CS- 27565RI 
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c040192 cp 40192 
C040193 ORROW ___CLOCK DOWN CD 40193 


92CS- 28968 


Fig. 14 — Dynamic power dissipation test circuit. 


92CS- 2740IRI 


Fig. 15 — Quiescent-device-current test circuit. 


Yoo 
INPUTS OUTPUTS 
ViH 
ON es + 
° - 
Vie 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-2744iRI 


Fig. 16 — Input-voltage test circuit. 


Yoo 


INPUTS 

Voo NOTE 

sto-(r = MEASURE INPUTS 

° SEQUENTIALLY, 

Vss TO BOTH Vo AND Vss; 
CONNECT ALL UNUSED, 
INPUTS TO EITHER 
Vop OR Vgs- 

Vss 


9268-27402 


Fig. 17 — Input current test circuit. 
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CD40208B Types 


CMOS 4 x 4 Multiport 
Register 
High-Voltage Types (20-Volt Rating) 


The RCA-CD40208B is a 4 x 4 multiport 
register containing four 4-bit registers, write 
address decoder, two separate read address 
decoders, and two 3-state output buses. 


When the ENABLE input is low, the cor- 
responding output bus is switched, inde- 
pendently of the clock, to a high-impedance 
state. The high-impedance third state pro- 
vides the outputs with the capability of being 
connected to the bus lines in a bus-organized 
system without the need for interface or 
pull-up components. 


When the WRITE ENABLE input is high, 
all data input lines are latched on the positive 
transition of the CLOCK and the data is 
entered into the word selected by the write 
address lines. When WRITE ENABLE is low, 
the CLOCK is inhibited and no new data is 
entered. In either case, the contents of any 
word may be accessed via the read address 
lines independent of the state of the CLOCK 
input. 


The CD40208B types are supplied in her- 
metic 24-lead dual-in-line ceramic packages 
(D and F suffixes), 24-lead dual-in-line plas- 
tic packages (E suffix), 24-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


2 
3 
4 
5 
6 
7 
8 


CLOCK 

WRITE ENABLE 
READ IA 
READ OA 


TOP VIEW 


92CS- 28550RI 


TERMINAL ASSIGNMENT 


Features: 
® Four 4-bit registers wait 


E 
ENABLE ENABLE A 


® One input and two output buses 

® Unlimited expansion in bit and word a0 
directions ©! | woro a 

® Data lines have latched inputs a Nai 

3-state outputs 

® Separate control of each bus, allowing 
simultaneous independent reading of 
any of four registers on Bus A and 


Bus B and independent writing into aa Oerevr 
any of the four registers 7 

® Standardized, symmetrical output 
characteristics aig HOR CENABLES 


92CS-286549R) 


= 100% tested for quiescent current at 20 V 
® Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (over full package- 
temperature range): 
1 Vat Vpp =5V 
2 Vat Vpp =10V 
2.5 V at Vpp =15V 
# 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices” 


Applications: 


® Scratch-pad memories 
® Arithmetic units 
® Data storage 


FUNCTIONAL DIAGRAM 


WO WI ROA RIA ROB RIB 


ENABLE B 


92C$-29220 


Fig. 1 — Block diagram. 


TRUTH TABLE 


CLOCK| WRITE | WRITE| WRITE |READ| READ/READ ENABLE |EN 
ENABLE 1 0 1A 0A 0B A 
82 


3 =n 
a ee 


Dp to Word 1] Word 2 
word 0 Out Out 
Word 0 Word 1} Word 2 
not altered out out 

4 


Word 2| Word 1 


Stef : 


1 = HIGH LEVEL, 0 - LOWLEVEL. X - DON’T CARE. Z= HIGH IMPEDANCE 
S1 and S2 refer to input states of either 1 or O 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(VONAGCS FEIGrONCOd 16 Vee TEMNINEl): x siacadcrntvacen keen eetieene ceed ieGeses done sax -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS: 62 cixecanene eines ci kcue Guanes ens as eesenes -0.5 to Vpp +0.5 V 
DO INPUT CURRENT ANY ONG INU danske 600s Grier ender SeanknesKeeaeedeneesesaaeeceseads +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -40 to +60°C (PACKAGE TYPE E) ........... cee ee cece cree ce cece eneeeeceseeesenenes 500 mW 

For T, = +60 to +85°C (PACKAGE TYPE E) ...............246- Derate Linearly at 12 mW/°C to 200 mW 

For Ty, = -55 to +100°C (PACKAGE TYPES D, F, K) ........ ss cee cree cece een cen cen ceeesaccees 500 mW 

For Ty = +100 to +125°C (PACKAGE VCE. IG) atkaeke eon Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T A= FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..............ceeeeees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES DF AM: sicacdwavend div evcdelesc ii 006 ase es eax tiene eéNawedetenns -55 to +125°C 

PROKAGE TVPG ©. a vs xovews vei cine udder andes o0on ener ee bos pinew noun dazed eeheeaceons -40 to +85°C 
STORAGE TEMPERATURE RANGE UPS Se reer -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ......... ccc eee eee eens +265°C 


CD40208B Types 
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Fig. 3 — Timing diagram. 
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CD40208B Types 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC Vpp LIMITS 
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UNITS SoibREtatstéstt 
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Write Enable to Clock, 


ts(wE) Fig. 4 — Typical output low (sink) 


current characteristics. 
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92CS 2445149H) 


Fig. 5 — Minimum output low (sink) 
current characteristics. 


Write Address to Clock, 
tH(WA) 
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OUTPUT HIGH (SOURCE) CURRENT(IoH)—mA 
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Fig. 6 — Typical output high (source) 
current characteristics. 
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CD40208B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


CHARACTER- 
ISTIC 


Quiescent Device 
Current, 
IDD Max. 


|= | 9,20 
OutputLow {| 04 [05] 5 | 
(Sink) Current | 0.5 | 0,10] 10 | 


lo“ Min. 


Output High 
(Source) 
Current, 


NO 
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—_ 
Ww 
on 


Output Voltage: 
Low-Level, 


Output Voltage: 
High-Level, 
VOH Min. 

Input Low 
Voltage, 

Vit Max. 


Input High 
Voltage, 
VIH Min. 


“Tin Max fre peor fear fin | 
zs 
lin Max. 


3-State Output 
Leakage Current +0.4 | +0.4 £12 
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LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply to D,K,F,H Packages 
Values at —40, +25, +85 Apply to E Package 


OST AMBIENT TEMPERATURE (Ta) 25°C 
> i ae i a a 


INPUT FREQUENCY (fz) — kHz 
. 92CS- 29216 
Fig. 10 — Typical power dissipation as a 
function of input frequency. 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vpp AND Vss: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OF Vss 


92CS5-27402 


Fig. 11 — Input leakage current 
test circuit. 


v 
92CS- 2740IRI 


Fig. 12 — Quiescent-device-current 
test circuit. 


Dimensions and Pad Layout for CD40208BH 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CD40208B Types 


)YNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; Input t,t, = 20 ns, Veo 
= 50 pF, Ry = 200kQ 


INPUTS OUTPUTS 


NITS VIH 
> . * 
NOTE 


20 

280 

200 TEST ANY COMBINATION 
600 ° 

240 


OF INPUT 
300 
92CS-2744IRI 
120 ns 
85 170 Fig. 13 — Input-voltage test circuit. 
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CHARACTERISTIC 
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ropagation Delay Time: 


‘PHL: tPLH 
Clock or Write Enable to Q 
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-State Disable Delay Time: 
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linimum Hold Time: 


Data to Clock ty (p) Fig. 14 — Output-enable-delay-times test 


circuit and waveforms. 
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Write Enable to Clock tH(WE) 


15 40 80 
5 165 330 
Write Address to Clock tH(WA) 10 70 140 
15 45 90 
5 1.5 3 
laximum Clock Input Frequency, 10 7 MHz 
"il 15 9 
linimum Clock Pulse Width, 5 175 350 
Clock or Write Enable 10 65 130 ns 


twi(CL) 15 
Write Address 


tw(WA) 


ee Neel NF 


— REPETITIVE WAVEFORMS aig 
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Fig. 15 — Power-dissipation test circuit 
and waveforms. 
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CD40257B Types 


CMOS Features: 
- ws 3-state outputs 
Q uad 2-Li ne-to-1 -Li NE = Standardized, symmetrical output characteristics orsaale 


Data Selector/M ulti = 100% tested for quiescent current at 20 V 


® Maximum input current of 1 uA at 18 V 
plexer 


over full package-temperature range; 
Oo 
High-Voltage Types (20-Volt Rating) 100 nA at 18 V and 25°C 


® Noise margin (over full package- 
temperature range): 
1VatVpp=5V 
2V at Vpp=10V 
2.5 V at Vpp = 15 V 
@ 5-V, 10-V, and 15-V parametric ratings 
@ Meets all requirements of JEDEC 
Tentative Standard No. 13A, ‘Standard 


Specifications for Description of ‘B’ 
Series CMOS Devices”’ 


The RCA-CD40257B is a Data Selector/Multi- 
plexer featuring three-state outputs which 
can interface directly with and drive data 
lines of bus-oriented systems. 

The CD40257B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(D and F suffixes), 16-lead dual-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgs Terminal) ....... 6s eee cece e ce eee e nee eeeet nee e eee n ees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ..........cccccccccvcnccnceecessecccccscnce -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ........ ccc cee cece cece eect eee se ec recess neereeeces +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Tp = -40 to +60°C (PACKAGE TYPE ©) .csccdacsescee ee seecen ad see saseeieestass eee Rasie 500 mW 

For T, = +60 to 465°C (PACKAGE TYPE E) .44 s00c.sicccacesns Derate Linearly at 12 mW/°C to 200 mW 

For Ta, = -55 to +100°C (PACKAGE TYPES D, F, A) cs ccevcccwevs tavern swadess da cecaisuede deans 500 mW 

For T, = +100 to +#125°C (PACKAGE TYPES D,.F,.K) ssccscwses Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............eeeee eens 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, FV cciwee es oedseSusdadsceas $408e005009 4s as te ee Ho seeneranses -55 to +125°C 

PACKAGE TVPG © i vwasu ec ose ¥ 4454 su nbesoedekenasndiaeieceses cere ees sic sacs snosuss -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) LLeaoeN ARERR As peoemEet case auebewargegeenes ted -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ...... se eee cece eee eee ees +265°C 

OUTPUT 
CISABLE 
*5 of >>. 


INPUT 
SELECT 
* 


3 ADDITIONAL IDENTICAL CIRCUITS 


VoD 


- 7 
*ALL INPUTS PROTECTED BY a ee 


COS/MOS PROTECTION 
NETWORK 


Vss 


Fig.1 — Logic diagram for CD402578. 


Vv : 
input “oo*!'é 
SELECT Vss78 


FUNCTIONAL DIAGRAM 


Applications: 

® Digital Multiplexing 

® Shift-right/shift-left registers 
® True/complement selection 


RECOMMENDED OPERATING CONDITION: 
For maximum reliability, nominal operating 
conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC Lets 


in. [ wax. | UNITS 
Supply-Voltage Range 


(For TA=Full Package- 
Temperature Range) 


TRUTH TABLE 

3-STATE 
OUTPUT 
DISABLE 


X = DON’T CARE LOGIC 1 = HIGH 
LOGICO=LOW 2Z=HIGH IMPEDANCI 


ec) 


eee eb eone 


Se ee ei ee ee a ae eee ee SY 


ce ao ee ee mm eae mt me arya vere Gerceroe are 
Oe Coe he sh are he SM oaks aE ree Bee Bw ee 


eh earace te ea ae eee err ermray (irerceeor mn four anaes 
| eee eee ae er ers areca eee er Corser er 


es Ce ae me Cee Tear en Pree ay iro cereer ae Greener aay i 


C0 OO Rs, G68 ee BoE OL Oe 4 ale Oh ee ae Ge 


ee eee ee eS eee ee (eee 
oe ee oC ee ee eee ey 
ee ee oe cn eee ee ie a 
ee eee aon ee irae ae me 

ae Cees eee eae 

| eee eee ae eran Dea Ya Weta ee at ey Veco Ue 
PROG dre ee dee gre es see he be 6 


oe ce oe 
adoiin a a 


He 
5, 10 5 
DRAIN- TO-SOURCE VOLTAGE (Vps)-- V 


Fig.2 — Typical output low (sink) 
current characteristics. 
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CD40257B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 


@z 
E 
I 
2 
oO 


dda CONDITIONS Values at —40,+25,+85 Apply to E Pkgs. z 
wren’ {Vo Min [Tv 
o | Yin| Yoo 3 
| 5 | 40 | os [ores [min Tyo [ me] | 
Guan [= fost st 111 ]at»]-louli} |k 
Device | - [0,10] 10] 2 | 2 | 60 | 6 | - | 002] 2 | 5 Bb 
Current eae tata eon p ent Poe 3 ps ain itil 
iop Mex_ [020] 20 | 20-20] 600-| 600-[ PT 
Output Low DRAIN-TO-SOURCE VOLTAGE (Vps)—v a 
St retest taeleeteeelegl aL edie en 
Current, | 0.5 [0,10{ 10 | SoS current characteristics. 
lo, Min. | 2.4 | DRAIN- TO-SOURCE VOLTAGE (Vpg)—V 
Output High 
(Source) 3 
Current, 3 
1OH Min. e 
Output Volt- : 
age: g 
Low-Level, 3 
| VOL Max. 3 
Output Volt- : 
age: 3 


High-Level, 0,10 | 10 | | 9.95 | 
VOH Min. ; 14.95) 15 | — | 92C5-24320R85 
Fig.4 — Typical high (: } 
Input Low [0.5.4.5 a ee ee ee ee 0 current characteristics. 
Voltage, { 19 | — | 10 | | - | - | 3 | 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 


Input High 
Voltage, 


Input 
Current, 
iN Max. 


3-State Output 
Leakage 
Current 


louT Max. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; Input t,, ty = 20 ns, seca-2aszin2 
CL = 50 pF, Ry = 200 KQ Fig.5 — Minimum output high (source) 


current characteristics. 

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS 

| | Yoo oe SHIH 

Propagation Delay Time: 150 

. 70 
15 | 50 
se 
130 


Data Input to Output, 
tPHL. tPLH 
5 95 190 
10 50 es 
15 40 
100 
50 7 
40 80 
Ld 


& 
OUTPUT HIGH (SOURCE) CURRENT(I on)—mA 


oe 


beet pies 
EEE 


Select to Output, 
tPHL, tPLH 


. °4 M 
ss suas rh 
oe stiiit ce a fi HEH 
iii i iittt 


Output Disable to Output, 
tPHL. tPLH 


LOAD CAPACITANCE (CL)— pF 
92CS-28742 


Transition Time, 
tTHL. tTLH 


Input Capacitance, Cijy 


Fig.6 — Typical propagation delay time asa 
function of load capacitance (DATA 
INPUT to OUTPUT). 


Any Input 
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CD40257B Types 


2 
ul 
: 
: 


~ 20 4 60 80 100 
LOAD CAPACITANCE (C,)— pF 
92CS-24322 
Fig.7 — Typical transition time as a function 
of load capacitance. 


Voo 
INPUTS OuTPUTS 
Vin 
nae z 
° Z 
Vin Hi 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-27441Ri 


Fig.10 — Input voltage test circult. 


INPUT RISE OR FALL TIME 
(t, ote )*20 ns 


: 
é 
£ 
: 
é 


INPUTS 


| 
INPUT FREQUENCY (f¢ o- kHz 


92CS-280743 


Fig.8 — Typical dynamic power dissipation as a 
function of input frequency (one 
INPUT to one OUTPUT). 


Voo 


Vss 


INPUT SELECT le Yoo 
Al 2 OUTPUT DISABLE 
BI 3 A4 
Ol 4 B4 
A2 Ss 04 
B2 6 A3 
02 uf 83 
Vss 8 03 
TOP VIEW 
92cst 2732! 
TERMINAL ASSIGNMENT 


92CS-2740IRI 


Fig.11 — Quiescent device 
current test circuit. 


Dimensions and pad layout for CD402578H. 


Ss 4-10 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10™ inch). 
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65-73 
(1.651-1.854) 
ae 


_ 


(V930—2.153). Sore eoaraani 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Voo AND Vss; 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OF Vgs- 


Vss 


92CS-27402 


Fig.9 — Input current test circuit. 


CMOS A-Series 


Integrated Circuits 
Technical Data 


CD4000A, CD4001A, CD4002A, CD4025A Types 
CMOS NOR Gates FUNCTIONAL DIAGRAMS 


Dual 3 Input 

plus Inverter—CD4000A 
Quad 2 Input—CD4001A 
Dual 4 Input—CD4002A 
Triple 3 Input—CD4025A 


The RCA-CD4000A, CD4001A, CD4002A, 
and CD4025A NOR gates provide the system 
designer with direct implementation of the 


92CS-24757 92CS-24762 


- 247 
NOR function and supplement the existing CD4000A CD4001A 92CS- 24758 Aaaieek oe 
family of CMOS gates. Veo CD4002A A 
These types are supplied in 14-lead her- GATES 
metic dual-in-line ceramic packages (D and IN R D| ALL INPUTS ARE PROTECTED 
F suffixes), 14-lead dual-in-line plastic 92C$-22887RI Vsg_ BY COS/MOS PROTECTION NETWORK 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H MAXIMUM RATINGS, Absolute-Maximum Values. ; 
suffix). STORAGE-TEMPERATURE RANGE (Tgtg) 2-2 eee -65 to +150 C 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D,F,K,H es 2 ec ee ew OH ee OS -55 to +125°C 
PACKAGE TYPEE «ss «< ie <¢o 4 @ eS 4 8G eR Rew ee ee ew 8 -40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
- (Voltages referenced to Vsg Terminal): ©... 66-02 ee ee eee -0.5 to +15 V 
means POWER DISSIPATION PER PACKAGE (Pp): 
zl eriasdlaniink (a Raa eet mieh as ae’e IPACRAGE TYPE) . 04.0 Been Uae yar enn cent 
i : FOR Ta = to +85 C(PACKAGE TYPE E) ...... rate Linearly a m fe) m 
® Maximum input leakage of 1 vA at 15 V For Ta -55 to +100°C (PACKAGE TYPES D,F,K) .-- 0s eee eee eee eee 500 mW 
(full package-temperature range) For Ta = +100 to +125°C (PACKAGE TYPES D,F,K) . . . . Derate Linearly at 12 mW/°C to 200 mW 
# 1-V noise margin (full package-tempera- DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ture range) FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS .. 1... ... 2 ee eee ee ees -0.5 to Vpop +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): P 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. ........220 ee +265 C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that eae ae 
operation is always within the following ranges: ley wee ee 


LIMITS 
CHARACTERISTIC [— MIN. | MAX. | 
Supply-Voltage Range (For Ta = 
Full Package- Temperature 
Range) 3 12 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7, = 25 C, C, = 15 pF, Input t;, t¢= 20 ns 


aes > — ses 
Gus eeue. “eesecaass 
SSRTRRER. CRE ReeEs 
aeana +] 

ee . 


UNITS 


OUTPUT VOLTAGE (Vo)—V 


V 


LIMITS 


INPUT VOLTAGE (Vy)—V 


TEST 92CS-I777TOR2 


D, F, K,H E 
GEAR ACTERISIAE “on PACKAGES PACKAGE Fig. 1 — Minimum & maximum voltage transfer 
DD 
tye, | Max. 


characteristics. 
(Volts); TYP. 


Propagation Delay Time: 35/60 50/95 35/60 | 80/95 


High-to-Low Level, 25/35 | 40/60 | 25/35 | 55/60 
TPHL 


i H HH 

2 oH HH 

Low-to-High Level, | 5 | 35/80 | 95/120 | 35/80 [120/120 = so itt 
teLH 25/40 | 45/65 | 25/40 | 65/65 = He tH 

> se 1 a 
Transition Time: | 5 | 6 | ‘ HH seeses HHH 
High-to-Low Level, 35 : seer it sii 
t He sees 
iL Hiss bttH itt 

e 1Saee8 
Low-to-High Level, | 5 | 65 | HHEERSEE HH 
tTLH 10 | 35 INPUT VOLTAGE (V7)—V scan 


Fig. 2 — Typical voltage transfer characteristics 
as a function of temperature. 


Input Capacitance, C; jAny Input 


Note: Numbers to the right of slash mark are for CD4025A: 
numbers to the left of slash mark are for 4000A, 4001A, and 4002A. 
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CD4000A, CD4001A, CD4002A, CD4025A Types 


AMEENT TEMPERATURE (Ty) + 25sec TTT THT HTH 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS 


D, F, K, H PACKAGES 


CHARACTERISTICS UNITS 
(v) | (vy | (vy) TYP. | LIMIT TYP. | LIMIT 


DRAIN MILLIAMPERES (Ip 


Quiescent Device ‘ : 
Curent, Mee b= 110 F041 | 6 | 5 |o.00s] 5 | 30 | uA aH 
= [- [15 [2 Joo2}2 | 40 [so Jos | 50 |s00 | SEIS '.25He.S. 
0 25 5 #75 210 125 5 

Output Voltage: }— os] 5 | 0 Typ.: 0.05 Max se . Ce 1 
Low Level, 92CS-17778 
VOL |= fo.to] 10° OT ys Ube Max . Fig. 3 — Typical current & voltage transfer 
High Level = los| 5. 4.95 Min.; 5 Typ. characteristics, 

VOH | — |o, 10] 10 | 9.95 Min.: 10 Typ. 

Noise Immunity: s6|=| 5| 1.5 Min.: 2.25 Typ. AMBIENT TEMPERATURE (T,) = 25°C 
Inputs Low, TYPICAL TEMPERATURE COEFFICIENT FOR Ip*-0.3%/°C 
VAL 72 | = | 10 | 3 Min.; 4.5 Typ. cesseasas RGsBeoRseEER 

| Vy + as aseaes 
Inputs High a {- | os 1.5 Min.; 2.25 Typ. 3 
V on 
NH [2.8 | - | 10 | 3 Min.; 4.5 Typ. : 

le a CO oF 
Inputs Low, z a 
vat [> | ig 

NML "a 

. iss 

oust, [o8[-[ [wm f 
YNMH Lees ; PEER Sooners 
f 12. i} 

Output Drive DRAIN — TO — SOURCE VOLTAGE (Vps) 
Current: : 92CS-17777 
N-Channel Fig. 4 — Typical n-channel drain characteristics. 
(Sink), 

IAN Min 
D . 
NOR GATES 
P-Channel DRAIN-TO-SOURCE VOLTS (Vpg) 
(Source): -15 -125 -© -75 -8 -25 0 
eas 
IpDP Min. 

Input Leakage 

Current, 

OTHER GATE 
| | INPUTS GROUNDED 
IL’ lH 


(97) -S3uZdWWITIN NevEC 


AMBIENT TEMPERATURE (Tg) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip =- 0.3% /*°C 


92CS-17776 


Fig. 5 — Typical p-channel drain characteristics. 


DRAIN-TO-SOURCE VOLTS (Vpg) 
-15 -10 =5 
CERAMIC PACKAGE: H Sasses set et il 
KAGES —— - - 
PLASTIC PACKAGES === I11 4-16 TIT Bet tt ay) 
e-a L 
= 
a 
a 


AMBIENT TEMPERATURE (Tg) = 25°C 


TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgs:=-0.3%/°C 


AGATE - TO - SOURCE VOLTAGE (Vgs)=!5V}-++414 
SESRAOCTATRRTE RRR RTH SE ERSTE Ree S 
SSsesgeRaeR808 


CoH 
HH CERAMIC PACKAGES —— 


° 
2 
= 
z 
= 
i 
7 
> 
= 
A) 
m 
2 
m 
7) 
= 
2 


aen@ea 
0 2.5 S 7.5 10 12.5 15 
DRAIN — TO - SOURCE VOLTAGE (Vp$) -V escawaa SUPPLY VOLTS(Vpp) 
92CS-17853 92CS- 19866 
‘ig. 6 — Minimum n-channel drain characteristics. Fig..7 — Minimum p-channel drain characteristics. Fig. 8 — Typical propagation delay time vs. Vpp. 
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CD4000A, CD4001A, CD4002A, CD4025A Types 


AMBIENT TEMPERATURE (Ta) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES 
150| OF Vpp © 0.3% /*C 

Susseeecneceesescescsessssssss 


100 


SUPPLY VOLTS (Vpp) * 5 
6 8 


) 


PROPAGATION DELAY TIME (CPHL = *PLH)— ne 


LOAD CAPACITANCE (C.)— pF 


e2cs-1778) 


Fig. 9 — Typical propagation delay time vs. CL. 


Yss 
92ec$ 2740: 


Fig. 12 — Quiescent device current test circuit. 
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AMBIENT TEMPERATURE (Tq) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES 
300| OF Vpp 0.3% /*C 


8 


8 


TRANSITION TIME (*THL = *TLH)— ns 


° Le) 20 »” 40 so 60 TO 80 


cid — 92CS- 17762 


Fig. 10 — Typical transition time vs. CL. 


Yoo 
INPUTS OUTPUTS 
Yoo" YNH 
a + 
° - 
VNL 
NOTE 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 
s2cs-27e00 YOO OR Vsg 
NOTE: 


C04000, CD4002,CD4025- 
TEST ANY ONE INPUT WITH 
OTHER INPUTS AT Voo OR Vgs- 


C0400! - TEST ANY 
COMBINATION OF INPUTS. 


Fig. 13 — Noise immunity test circuit. 


AMBIENT TEMPERATURE (Ta) * 25 °C 
POWER DISSIPATION P*CVpo*t + Powiescent | 


a 
~ i 
‘ = 


SUPPLY VOLTS (Vop 
ifr trttg 


z = 
a a] 
fo 
eo 
Ss 
# 103} 
é = 
= 
« | | 
@ 107} 
= 
§ 
= ifs 
GB FY 
a 
F3 a 
Td 
= 
= 
a 


INPUT FREQUENCY (f;) — Hz 92CS 17865 


Fig. 11 — Typical dissipation characteristics, 


INPUTS 
Voo NOTE: 


tor MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vss: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vss° 


Vss 


92CS-27402 


Fig. 14 — Input leakage current test circuit. 


CMOS 18-Stage 
Static Shift Register 


Features: 


CD4006A Types 


Fully static operation 


@ Shifting rates up to 5 MHz 
® Permanent register storage with clock line high or 
The RCA-CD4006A types are comprised of low — — no information recirculation required 
4 separate shift register sections: two sec- ® Quiescent current specified to 15 V 
tions of four stages and two sections of five @ Maximum input leakage current of 1 pA 
stages with an output tap at the fourth at 15 V (full package-temperature range) 
stage. Each section has an independent a 


1-V noise margin (full package-temper- 


single-rail data path. ature range) 


A common clock signal is used for all stages. 
Data are shifted to the next stage on nega- 
tive-going transitions of the clock. Through 
appropriate connections of inputs and out- 
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 
implemented using one CD4006A package. 
Longer shift register sections can be assem- 
bled by using more than one CD4006A. 


These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tgtg) . .- 2 ee —65 to +150°C 
OPERATING-TEMPERATURE RANGE (Tag): 
PACKAGE TYPES O,F,K,H «ci ee ee eR ee eH HH DS -55 to +125°C 


PACKAGE TYPEE (405s bbb dae bee etna eee ee PER aw ae S -40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal)... 2... eee ee —0.5to+15 V 
POWER DISSIPATION PER PACKAGE (P)): 
FOR Ta==40 10460 © PACKAGE TYPE E) cicuscseeeet nan cud owen suees 500 mW 
FOR T,= +60 to +85°C (PACKAGE TYPE E) ......... Derate Linearly at 12 mW/°C to 200 mW 
FOR T, = -55 to +100°C (PACKAGE TYPES D,F,K) 2.0... 2. ee eee ee 500 mW 


FOR T, = +100 to +125°C (PACKAGE TYPES D,F,K) .. . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T a= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 0.79 mm) from case for 10s max... ......05+8 04 - +265 °C 


Derate Linearly at 12 mW/°C to 200 mW 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 


DF, Kh, A 
PACKAGES 


CHARACTERISTIC 


* If more than one unit is cascaded t-CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


CD4006A Vss 


32CS- 25049 


FUNCTIONAL DIAGRAM 


Applications: 


@ Serial shift registers 
@ Time delay circuits 
@ Frequency division 


IF 4tnhOR 
Sth STAGE 


|= HIGH 
O= LOW 
NC =NO CHANGE 
X= DON'T CARE 
a=LEVEL CHANGE 


92CS-17887Ri 


Fig. 1 — Logic diagram and truth table 


fone register stage). 
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CD4006A Types 


STATIC ELECTRICAL CHARACTERISTICS AMBIENT TEMPERATURE (Ty)> 25 * 


TYPICAL TEMPERATURE COEFFICIENT +4 


600H FOR ALL VALUES OF Voo 70.3 %/°C Seecceee 
s 8 egenes 
sesseseo” 
00008 0880000008 28808880888" «8 
O88R08 OF GCORTARS PRARRERAS” cae 
Geeennaenae cap ah pe 
a 


Characteristic 


Quiescent Device 
Current, 1, Max. 


e 
ec 
M 
x 
a 
- 
. 
E 
Ww 
2 
e 
% 
=) 
Ww 
o 
3 
< 
a 
So 
4 
a 


Output Voltage: 0 Typ.: 0.05 Max. ss ses see 
SRRHS CHOSE T GRRE ASRHGHHHEAT ASCH GSERASHReAASSaSEe 


Low-Level, 0 0 2 30 4 50 6 #0 8 
VOL 0 Typ.; 0.05 Max. Vv LOAD CAPACITANCE (C_)—pF 92C$-17804 


High Level, 4.95 Min.; 5 Typ. Fig. 2 — Typical propagation delay time vs. 
VOH Le tO. | 10] 9.95 Min.; 10 Typ. load capacitance. 
Noise Immunity: Mme 1.5 Min.; 2.25 Typ. 
Inputs Low, 
VNL 3 Min.; 4.5 Typ. 


Inputs High, 
3 Min.; 4.5 Typ. 


VNH 
0.125| 0.085 | 0.072 


Noise Margin: 
0.31 0.175| 0.15 | 05 | 


FH AMBIENT TEMPERATURE (T,)*= 25°C 
oe 
as 
SOOLT]FOR ALL VALUES OF Vpp*0.3%/*C 
ss 


Se ETiiitt 


Inputs Low, 
VNML 
Inputs High, 
VNMH 
Output Drive 
Current: 
n-Channel 
(Sink), 
IpDN Min. 


as : oe a 
tt+T eo 5 See 
ae asses 


is 
++t 
1B Hy H 
| LA 
e 
A 
eo 
s 


_@ 
oH 
HH 
a 
Td 
HHH: 
Hitt 
5 a4 + +H ; 
oe a 2 eeae 
Bert Lohse Fest CHEE 
60 


ie} 0 20 30 40 50 70 
— pF 
LOAD CAPACITANCE (C,)—p 92¢$ 17608 


TRANSITION TIME (tty. "tT LH) —n8 


Fig. 3 — Typical transition time vs. load 
p-Channel 
(Source): 
IpP Min. 


capacitance. 


Input Leakage 
Current, +1079 Typ., +1 Max. 
NL. UH 


2 


TE-TO-SOURCE VOLTS (VGgs)#!5 


Oo 
H 
a 
w 
« 
wi 
a 
> 2 
s 
a 
= 
z 
< 
« 
ra) 


Voo ; 
aoa aos s 
| ORAIN-TO-SOURCE VOLTS (Vos) 
92CS-17841 
OUT 


= IF 4thOR Fig. 5 — Typical output n-channel drain 
5th STAGE) ae 
Vest characteristics. 


Voo 


PLASTIC PACKAGES =——= 


st ea 
POSCG REDO’ 
eoecsser « 
eececee see 


Vss 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NE TWORK. 


NOTE: ALL "P"-UNIT SUBSTRATES * 
ARE CONNECTED TO Vop 
ALL "N"-UNIT SUBSTRATES 
ARE CONNECTED TO Voc 


DRAIN MILLIAMPERES (Ip) 


V AMBIENT TEMPERATURE (Ta)*25°C § 
SS 92cs-17894RI : TYPICAL TEMPERATURE COEFFICIENTH 
ee +t FOR Ip*-0.3%/°C : 


Fig. 4 — Schematic diagram (one register stage). is 


5 10 
ORAIN-TO-SOURCE VOLTS (Vos) 
92Cs-17640 
Fig. 6 — Minimum output n-channel drain 
characteristics. 
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CD4(CO6A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, Input ty, te = 20 ns, DRAIN-TO-SOURCE VOLT (Vp) 
C, = 15 pF, Ry = 200k 
LIMITS 


TEST D, F, K, H E - 
CHARACTERISTIC =| CONDITIONS Packages Package UNITS 


VDD 
(Vv) 


< 
bs 


& 
“3 
3 


Propagation Delay Time; 
tPLH: tPHL 


Transition Time; 
tTHL+ tTLH 


92CS-17843 
Fig. 7 — Typical atput p-channel drain 
characte‘istics. 
Maximum Clock Input 
Frequency, fo, 


Minimum Clock Pulse 
Width, ty 


-15 
AMBIENT TEMPERATURE (T,)#25°C 


TYPICAL TEMPERATURE COEFFICIENT 
FOR Ip:-0.3%/°C 


5 
pitts tootetet ily 


tits ieee 


ree 


Clock Rise & Fall Time; 
t,CL, t¢CL* 


Minimum Data Set Up 
Time, ts 


Clock Input 


. If more than one unit is cascaded t,CL should be made less than or equal to the sum of the transition time Fig. 8 — Minimum output p-channel aain 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. characteristics. 


CERAMIC PACKAGES —— 
PLASTIC PACKAGES === 


ORAIN MILLIAMPERES (Ip) 


Average Input 
Capacitance, Cy 


+ 
Ww 


Ww 
Bi 


92CS-178647 


AMBIENT TEMPERATURE ( 


z ALTERNATING “O" 
: Py 
Bl & & 
e 1 ft i 
a 
& ee 
7) as 
Ss = 3 se 
2 ] se 
< | £ as 
a a ss @ 
n = sea HH 
n ae 
6 H ¢ : se Hh 
4 = 
¥ wz Ho ses H 
3 7 8 ss 
ran 
ry FEET 
4 Hy 
kia stis 
SUPPLY VOLTS(Ypp) 
92CS-19867 
PEST gr SE geese Fig. 10 — Typical clock input frequency vs. 
Fig. 9 — Typical dissipation characteristics. supply voltage. 
Vv 
0D Yoo 
v 
INPUTS INPUTS OUTPUTS 
Vee Yoo" YH Yoo 
aq + 
° < INPUTS 
VNL 
7 Voo NOTE: 
NOTE: ao One MEASURE INPUTS 
*EST ANY ONE INPUT, ° SEQUENTIALLY, 
Vss WITH OTHER INPUTS AT Vss TO BOTH Vpp AND Vss; 
9zcs-27400 YOO OR Vss CONNECT ALL UNUSED 
INPUTS TO EITHER 
i Vop OR Vss° 
ss Vss 
92CS- 27401 
92CS-27402 
Fig. 11 — Quiescent-device-current test circuit. Fig. 12 — Noise-immunity test circuit. Fig. 13 — Input-leakage-current tes‘ circuit. 
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CD4007A Types 


CMOS 


Dual Complementary 
Pair Plus Inverter 


The RCA-CD4007A tyes are comprised of 
three n-channel and thre p-channel enhance- 
ment-type MOS transigors. The transistor 
elements are accessible through the package 
terminals to provide a @nvenient means for 
constructing the variou, typical circuits as 
shown in Fig. 2. 


More complex function: are possible using 
multiple packages. Numters shown in paren- 
theses indicate terminals that are connected 
together to form the varous configurations 
listed. 


These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 


= Medium-speed operation. .. . 
tPHL = tPLH = 20 ns (typ.) at C_ = 15 pF, 
+Vpp = 10 V 

# Low “high” and “low” output impedance. 
500 2 (typ.) at Vpp — Vss = 10 V 

= Quiescent current specified to 15 V 

= Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range) 

= 1-V noise margin (full package-temper- 
ature range) 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T .1q) 


OPERATING. TEMPERATURE RANGE (Ta) 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 


DC SUPPLY-VOLTAGE RANGE. (VoD) 


(Voltages referenced to Vee lermimial)s ou x.eees 


POWER DISSIPATION PER PACKAGE (Pp) 
FOR T,= ~ 40 to +60°C (PACKAGE TYPE E) 
FORT ,= +60 to +85°C (PACKAGE TYPE E) 
FORT p= 


INPUT VCLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING) 
At distace 1/16 + 


RECOMNENDED OPERATING CONDITIONS 
For maxinum reliability, nominal operating conditions should be selected so that 
operation s always within the following ranges: 


-55 to +100°C (PACKAGE TYPES D, F, K) 
FOR T a= +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR 1, = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) . 


1/32 inch (159 + 0.79 mm) from case for 10s max 


—65 to +150°C 


—§5 to +125°C 
-40 to +85°C 


—0.5 to +15 V 


eA OeR EEL RE TT 500 mW 

Derate Linearly at 12 mW/°C to 200 mW 
500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


100 mW 
0.5 to Vop +05 V 


+265°C 


CFARACTERISTIC 


Supply-Voltige Range (For Ta = Full 
Package emperature Range) 


ae 
UNITS 
Disledads Package 


LIMITS 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, Input ty, te = 20 ns, C,; = 15 pF, 


CHARACTERSTIC | TEST CONDITIONS 


Propagation Dday 


Time; 
tPLH, tPHL 


Transition Time 
tTHL. tTLH 
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Ry = 200 ks? 


LIMITS 


D, F, K,H 
Packages 


92CS- 25035 
Terminal No.14 — Vpp 
Terminal No. 7 — Vsg 


CD4007A 
SCHEMATIC DIAGRAM 


Yop 
*ALL INPUTS ARE ‘i 
PROTECTED BY SS 
COS/MOS PROTECTION 
NETWORK 
Applications: 
® Extremely high-input impedance amplifiers 


@ Shapers 

= Inverters 

® Threshold detector 
® Linear amplifiers 


AMBIENT TEMPERATURE 
(Ta) 28°C 


INPUT VOLTS (Vy) 
9205 17788 


Fig. 1 — Minimum and maximum voltage-transfer 
characteristics for inverter. 


Ww 
w 
4 
w 
a 
2 
< 
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« 
3 


TERM 3.86 To Guo 
425 
es 


Saeeea 
S0.~S888.\eeeceeneeeans 
S8eGen0—~-* “seeueegseens 


INPUT VOLTS (vy) Sscseirve? 


Fig. 2 — Typical current and voltage-transfer 
characteristics for inverter. 


CD4007A Types 


AMBIENT TEMPERATURE (Tg) #25 °C .[:-..fiiiefisssfisss 


STATIC ELECTRICAL CHARACTERISTICS 


Sey Meme) (ea Gavan sickest ae { oman Hae Hea | 

SEE Ree Gees ieee a : A-SINGLE INPUT ONLY 

oe ies Le ““TUCTSS @-Two inputs omy J *™ 
s.--$+--+ C— THREE INPUTS 


ssrss 9) OTHER INPUTS 
SWITCHES TO Vop 


Characteristic | S————Cts—‘“C—tCsti(‘—s—~iSC‘( nits) id EL MOOS EH 


16] (Vpp)* 15 


vi 


Ss 


Quiescent Device 
Current: 
IL Max. 


OUTPUT VOLTS (Vo) 


Output Voltage 
Low Level 


fa ea 
Ee 
a 
vou} | ¥ 
| 0 | 
: 


12.5 15 
INPUT VOLTS (Vy) 


92CS-17786 


4.95 Min.; 5 Typ. Fig. 3 — Typical voltage-transfer characteristics 


9.95 Min.; 10 Typ. for NAND gate. 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 
Noise Margin: 
9 1 Min. 
Inputs Low aaa 
VM 3 ips pg i 
Inputs High 0 4 °E ESS] FEES BREE 
VNMH s 
Output Drive e A— SINGLE INPUT ONLY 
Current: ? B — TWO INPUTS ONLY 
C — THREE INPUTS 
N-Channel : ' : % OTHER INPUTS 
' “i :: SWITCHED TO GROUND 
(Sink) bi SSE: 3833 
IDN Min. fe) 25 7.5 10 12.5 15 
P-Channel wilde 92CS- 17867 
(Source): ; : d : Fig. 4 — Typical voltage-transfer characteristics 
for NOR gate. 
Input Leakage 
Current: 
*Maximum noise-free low-level bipolar output voltage. T Minimum noise-free high-level bipolar output voltage. 
ORAIN - TO - SOURCE VOLTS (Vos) ORAIN — TO — SOURCE VOLTS (Vos) AMBIENT TEMPERATURE (Tg) = 25°C 


-I75 -18 -125 -10 -75 -5 ie) -'5 -75 -5 -2.5 fe) 
eee s s 


=12.5_—10 TYPICAL TEMPERATURE COEFFICIENT FOR Ip « -0.3% /ect tT TT 
SSSR ERED SHERRR sesecesecsan’ 


se 
HH 
tH] CERAMIC PACKAGES —= - 


if 


ers Aly a 
ee catid fieaatt ittae 
LE ute: 


Seebecetes 


ir) 
Lal 
wn 
w 
« 
w 
a 
= 
< 
a 
— 
= 
= 
< 
« 
a 


eee 

t 

ro) 
(97) S3u3GWVITIIN NIVYO 
(97) S3Y3dNVITIIN NIVEO 


a 
HE 
] seaaee ry 2 
‘egesssssBaaes Hy 
H 0 25 #5 #%?5 +10 #5 15 
HHH DRAIN - TO - SOURCE VOLTS (Vpg) 92517872 
92CS-17854R1 asee-1t7e06 
Fig. 5 — Minimum output p-channel drain Fig. 6 — Typical output p-channel drain Fig. 7 — Minimum output n-channel drain 
characteristics. characteristics. characteristics. 
AMBIENT TEMPERATURE (T,) = 25°C TAMBIENT TEMPERATURE (Ta )<25°C °°: 2 ooo see 2 
TEMPERATURE COEFFICIENT FOR Ip = - 03% /*C/,. oa hati elec: | ed AL MLSE OF UnetG coe _ + 
sosgnecaseaa Baea Rees IT DON? Fes ba ; ata a : 
FEES SHEET HSE: , Ai’ 3 eassscsssessessetseiet 
ra) ost tte 4 tt HHH H iy ag | FS. 4 Hy aée 
= “EEHGATE - TO - SOURCE VOLTS (Ves) = ISErT ttt as ., yt tai n 
M4 Seeseessss_segseasscess ot. : > 3 = +} ' t ' { ‘ t He 
= w ae + 
fe 2 Seay 
3 o - LEDS See fey i Pate Ses TTT | 
3 s Ble eesti itl 
= a % % ‘ ca auth eeRTEEEE! sggntaise 
Set EE ant a ti 
id g oT a errr tt) +r asseessi 
TERM.{ 7 TO GNO. € a7 cones tite 
CONN. [14 TO 3 me tie tt 
5 7 0 25 15 r) a) ° 15 0 10 2 30 40 #50 60 70 80 
DRAIN — TO — SOURCE VOLTS (vps) — INPUT veucrail (vpl—Vv ead CAPACITANCE (C,) — oF i ila 
Fig. 8 — Typical output n-channel drain Fig. 9 — Typical voltage-transfer characteristics asa Fig. 10 — Typical propagation-delay time vs. load 
characteristics. function of temperature. capacitance. 
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CD4007A Types 


AMBIENT TEMPERATURE (Ta) * 25 °C 
POWER DISSIPATION P*CVpp*t + Pauesce ENT - 


CETTE ERR i Ebee 
ae ee 


ery 


AMBIENT TEMPERATURE (T,)*25 °C sess 
LOAD CAPACITANCE (C,) #15 pF . $3 


3 
CAE A 
Te 
NN 
fe 
See | 


AMBIENT TEMPERATURE (T,) *25°C ee aes 
TYPICAL TEMPERATURE COEFFICIENT FOR'{'‘ [°° 7°! 
ALL VALUES OF Vpp #0.3%/*°C 


15sO 


Paro a 


bee 
386 pe Fk ee eer 
tie Hie 


scanetteas gist sais if 


| 
eee ae eeeee nee ae 


ee i 
AiR 


DISSIPATION PER GATE (Po) —pw 


~ LOAD CAPACITANCE cps 5‘of§— 
CL *SOpF <—— 


; 
: 
g 
f 
; 
3 


TRANSITION TIME (Uri * ry )—ne 


+++ + 


seg 
t++44 
ese 
ses 
eee 
40 


. sesessscsage eo 102 103 = 03 106 io? 
pees ‘ule pF SUPPLY VOLTS (Vo) INPUT FREQUENCY (f)) — Hz 92¢5 17865 
92CS-17790 92C$-17O46RI 
Fig. 11 — Typical transition time vs. Fig. 12 — Maximum propagation-delay time Fig. 13 — Typical dissipation characteristics. 
load capacitance. vs. supply voltage. 


6 8 3 5 (14,2,11); (8,13); 6 (1 12 13)2(2 14,11): 
B b (1,5); (7,4,9) =a (13,2); (1,11); 3 pee (48):(5,9) 


9 i ° (12,5,8); (7,4,9) 
a) Triple Inverters b) 3-Input NOR Gate c) 3-Input NAND Gate 
ee (13,12,5); (4,9,8): 
| (14,2); (1,11) (6,3,10); (8.5,12); 
ATA (6,3,10); (13,1,12); 
“9 (OPTIONAL Vpp PULL-UP) (14,2,11); (7,9) 
' Yoo 
J oS 


* hyo : i: 
OUT (Vp) *C + AB 
c©— —— ty OUT (Vg5)*CA +c 
c 
, Liss 


a ALL P- UNIT SUBSTRATES 
ARE CONNECTED TO Voo | 
ALL N-UNIT SUBSTRATES 


f 
7 
} 


ARE CONNECTED TO Voc, Vss Veg (OPTIONAL VggPULL-OOWN) 
4CS 5829 92¢$-15330 a 92CS -15327 
d) Tree (Relay) Logic e) High Sink-Current Driver f) High Source-Current Driver 
Yoo 
Dio 
sae 
om are 
[ —— i bo 
| t — 
©-4 t 7 — 
QuT 
' | on bea Na) 
|} /#— | 
L—»—J ,——, ped Paes — 
T +— 7 J ; (1,5,12); (2,9); 92°95 183847 
(11,4); (8,13,10); 
(6,3,10); (14,2,11); Vss (6 3) 
(7,4,9); (13,8,1,5,12) 9205 -'5328 : 
: . . h) Dual Bi-Directional Transmission Gati 
g) High Sink- and Source-Current Driver ) Du " 
Fig. 14 — Sample COS/MOS logic circuit arrangements using type CD4007A. 
Yoo 
Voo 
Yoo INPUTS on 
° 
INPUTS ouTPUTS vss INPUTS 
Yoo” “nw Yoo NOTE 
a “ *, () ‘ MEASURE INPUTS 
VNL | ~ bg SEQUENTIALLY, 
= Vss TO BOTH Vpp AND Vgs- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE Von OR Vee: 
Vss TEST ANY COMBINATION do X™ “SS 
OF INPUTS Vss 
Vss 
92CS 27441 92C38- 27401 92C3- 27402 
Fig. 15 — Noise-immunity test circuit. Fig. 16 — Quiescent-device-current test circuit. Fig. 17 — Input-leakage-current test circuit. 
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CD4008A Types 
CMOS 4-Bit Full Adder Features: 


A i | = = 
With Parallel Carry Out 4 sum outputs plus parallel look-ahead carry-output 


Applications & Quiescent current specified to 15 V 
@ Maximum input leakage of 1 WA at 15 V 
P pe Pore OD DOR” ‘Types Sansist at four B Binary addition/arithmetic units (full package-temperature range) 
full-adder stages with fast look-ahead carry @ 1-V. noise margin (full package-temperature 
provision from stage to stage. Circuitry is in- range) 


cluded to provide a fast ‘‘parallel-carry-out’’ 


: age: se . MAXIMUM RATINGS, Absolu te-Maximum Values: 
bit to permit high-speed operation in arith- 


metic sections using several CD4008A's. STORAGE-TEMPERATURE RANGE [Tsigh. +. 50+ - cee eee eee ee eee ~65 to +150°C 
CD4008A inputs include the four sets of bits OPERATING-TEMPERATURE RANGE (Ta): 
to be added, Aj to Aq and By to By, in ad- PACKAGE TYPESD,F,K,H .. 0. cece cette eee eevee eee -§5 to +125°C 
dition to the “Carry In’ bit from a previous PACKAGE TYPE E 11... eee ees —40 to +85°C 
section. CD4008A outputs include the four DC SUPPLY-VOLTAGE RANGE, (Vpp) 
sum bits, S1 and S4, in addition to the high- (Voltages referenced to Vsg Terminal): 2... 0.0.0. 0. ee —0.5 to +15 V 
speed “‘parallel-carry-out’’ which may be POWER DISSIPATION PER PACKAGE (Pp): 
utilized at a succeeding CD4008A section. FOR Ta = 40 to +60. C (PACKAGE TYPE E) ©... ee 500 mW 
4 FOR Ta = +60 to +85°C (PACKAGE TYPE E) ...... Derate Linearly at 12 mW/°C to 200 mW 

Li siecagns Lbeisipe gelesen aceetaehsh keane ee FOR Tp = -55to +100°C (PACKAGE TYPESD,F,K) 00... eee 500 mW 
MS eaUaL INA De cerainic Dacneges yn on FOR Tp = +100 to +125° (PACKAGE TYPES D,F,K) —__. .Derate Linearly at 12 mW/°C to 200 mW 
Ce ee eee DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
peckesee oe Suny) ie ese Same ie FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)...... . 100 mw 
packages (K suffix), and in chip form (Mm INPUT VOLTAGE RANGE, ALLINPUTS..........0.0.0-0 0000000. 0.5 to Vpp +0.5 V 
suffix). LEAD TEMPERATURE (DURING SOLDERING): 

STATIC ELECTRICAL CHARACTERISTICS At distance 1/16 + 1/32 inch (1.59 0.79 mm) from case for 10smax...........00. +265°C 


RECOMMENDED OPERATING CONDITIONS 
| For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


Conditions 


Characteristic 


se< 
So 


Quiescent Device 
Current,l_ Max. 


Supply-Voltage Range 
(T A= Full Package- 
Temp. Range) 


Output Voltage: 0 Typ.; 0.05 Max. 


Net 
NS) 


Low-Level, 
VOL 0 Typ.; 0.05 Max. PAR CARRY 
High Level, 4.95 Min.; 5 Typ. 
VOH 9.95 Min.; 10 Typ. 
Noise Immunity: 1.5 Min.; 2.25 Typ. 
Inputs Low, 
VNL 3 Min.; 4.5 Typ. 
Inputs High, 1.5 Min.; 2.25 Typ. 
VNH 3 Min.; 4.5 Typ. 
Inputs Low, 
Vii ee 
Inputs High, pt Min (CARRY IN) 
VNMH Min , * ALL INPUTS ARE 
i a PROTECTED BY V vss 


COS/MOS PROTEC TION 
NETWORK 69¢5~25077R2 


Fig. 1 — CD4008A logic diagram. 


Output Drive 
Current: 
n-Channel 
(Sink), 


IDN Min. TRUTH TABLE 


p-Channel 
(Source), 
IpP Min. 


Ex 
oe 
ie 
a5 
9 | 
ro 
ie 
[os 
05 
as 
[a5 


Input Leakage 
Current, 
lie. 'tH Max. 


=-=--2-43 0000 


0 
1 
0 
1 
0 
1 
0 
1 


* Carry Output AsSum Output 
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CD4008A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t,, t¢ = 20 ns, Cy = 15 pF, 
Ri = 200 KQ 


LIMITS 


CHARACTERISTIC 


Propagation Delay Time: tpy,, tpLH 
Sum In to Sum Out 


i<e) 


— 
m4 < 
ao SG 


Carry In to Sum Out 


Ww 
N 
oO 


Sum In to Carry Out 


= 
N 
oO 


Carry In to Carry Out 


— |N 
ale 
om | O 


Transition Time: try. tTLH 
At Sum Outputs 


oO 
oO 
oO 


At Carry Output 


Input Capacitance, C; 
(Any Input) 


+ [sels] sefse]sefex me 
< GO 
== i 


AMBIENT TEMPERATURE (T) = 28°C “T{tttt ttt} HH 
TYPICAL TEMPERATURE COEFFICIENT see ss os 
FOR ALL VALUES OF VppO3% ec ttt ttt 

see i 
BORRGREOR see } 
OGRE 8888 ean 


2 $ 
our 1 
eee 

eesea 


| 
: 


: 
q 
z 
i 
i 
2 
d 


PROPAGATION DELAY TIME (tone otouH )—as 


LOAD CAPACITANCE (C; )—pF SUPPLY VOLTS (Vop) 


92CS 17624 92CS-I7TBE64RI 
Fig. 4 — Typical carry-in to carry-out propagation 
delay time vs. C,. 


Fig. 5 — Typical maximum propagation delay time 
vs. Vpp for carry-in to carry-out. 


Yoo 
INPUTS OUTPUTS 
Yoo “NH 
Yoo Q + 
° 
VNL : 
Yoo = 
INPUTS 
° NOTE 
Vss TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 
92¢s-27800 YOO OR Vss 
Fig. 8 — Noise immunity test circuit. 
bers) 
inPUTS [ 
Yoo NOTE 
Ys Sot MEASURE INPUTS 
VCS 2740. ° SEQUENTIALLY, 
Yss TO BOTH Yoo AND Vss 
CONNECT ALL UNUSED 
-_ INPUTS TO EITHER 
7 Yoo OR Yss 
Fig. 7 — Quiescent device current test circuit. Yss 


wo PO 


Fig. 9 — Input leakage current test circuit. 
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AMBIENT TEMPERATURE (Ta) #25 °C 


TYPICAL TEMPERATURE COEFFICIENT Sea anes) eee 
FOR ALL VALUES OF Vpp 0. 3%/*C =t----t+- 4 


SUM-IN TO CARRY-OUT PROPAGATION DELAY TIME 
{tpwr'Si-Cos tony (S)- Ce 1) — 0 


0 © 2 ¥ 40 50 60 70 «280. 
LOAD CAPACITANCE (C_)— pF 
92CS- 17822 


Fig. 2 — Typical sum-in to carry out propagation 
delay time vs. C,. 


AMBIENT TEMPERATURE (Tag)* 25°C 
TYPICAL TEMPERATURE COEFFICIENT 
1S0Q|FOR VALUES OF Vpp*0.3%/°C 


{ 444 


UM-IN OR CARRY -IN TO SUM-OUT PROPAGATIO 


DELAY TIME (ter. (S),C,-S,), tPLH(S),C) - Sp )J— ne 


LOAD CAPACITANCE (C_)— pF 
92CS 17625 


Fig. 3 — Typical sum-in or carry-in to sum-out 
propagation delay time vs. C, . 


POWER DISSIPATION/ PACKAGE (Pp) — »W 


INPUT FREQUENCY (fg) — kHz 
92CS-17825R) 


Fig. 6 — Typical dissipation characteristics. 


92CS-i776IRI 


Fig. 10 — Typical connection for a 16-bit adder. 


CD4009A, CD4010A Types 


CMOS of H001 1 >“. 
Hex Buffers/Converters Pie 


Inverting Type: CD4009A 
Non-Inverting Type: CD4010A 


The RCA-CD4009A and CD4010A Hex foe = oe 
Buffer/Converters may be used as COS/MOS O GATES oO ge 
to TTL or DTL logic-level converters or " " 8 nO o> “One 
CMOS high sink-current drivers. eeu aie . ed 7 : m 
The CD4049A and CD4050A are preferred COS/MOS PROTECTION NETWORK, = gg "OLe a . mee 
hex buffer replacements for the CD4009A 92cs- 22887 9255 4140n2 VecO— 
and GD4010A, respectively, in all applica- CD4009A Vss O— Ol eT 
tions except multiplexers. For applications Features: VvooO—* ise aredin 
not requiring high sink current or voltage 7 CD4010A 
conversion, the CD4069B Hex Inverter is @ Quiescent current specified to 15 V — 
recommended. ®@ Maximum input leakage of 1 WA at 15 V Fig. 1 — Logic diagrams. 

(full package-temperature range) 
These types are supplied in 16-lead hermetic ® High sink current for driving 2 TTL loads 
dual-in-line ceramic packages (D and F ® High-to-low level logic conversion AMBIENT TEMPERATURE (Ta)+25°c HT 


suffixes), 16-lead dual-in-line plastic pack- — ; 

age (E suffix), 16-lead ceramic flat packages Applications. 

(K suffix), and in chip form (H suffix). = CMOS to DTL/TTL hex converter 
@ CMOS current “sink” or “source” driver 
# CMOS high-to-low logic-level converter 
@ Multiplexer — 1 to 6 or 6 to 1 


OUTPUT VOLTS (Vo) 


RECOMMENDED OPERATING CONDITIONS at Tag = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: a 


CHARACTERISTIC UNITS 

Supply-Voltage R For Tq = Full Package- 
Temperature Rane op. Voc) 
jvc] |v 


Temperature Range : Vpp, Vcc) 
* The CD4009 and CD4010 have high-to-low level voltage conversion capability but not low-to-high level, 
therefore it is recommended that Vpp 2 Vi Z Vcc - 
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6 8 10 
INPUT VOLTS (V,) 
92CS-20067 


Fig. 2 — Minimum & maximum voltage transfer 
characteristics — CD4009A. 


HTH Ty + 125°C 


Input Voltage Range (V;) 
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aerUy VAREE: OM 92CS-17837 


Fig. 3 — Typical voltage transfer characteristics 
as function of temp. — CD4009A 


AMBIENT TEMPERATURE (T,) + 25°C | pocvbrrestaatins 3 
COLLECTOR SUPPLY VOLTS (Vcc) + +5 a 
DRAIN SUPPLY VOLTS (Yoo) = + 10 
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CD4009A, CD4010A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Quiescent Device 
Current,!, Max. 


Output Voltage: 
Low-Level, 
VOL 
High Level 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 
CD4010A 


Inputs High 
VNH 
All Types 
Inputs Low, 
VNL 
CD4009A 
Noise Margin: 
Inputs Low, 
VNML 
CD4010A 


Inputs High, 
VNMH 
CD4010A 


Output Drive 
Current : 
N-Channel 
(Sink), 

IDN Min. 
P-Channel 


(Source), 
IpP Min. 


Input Leakage 
Current, 


MLH 
*V¥oo*"Vpb 


AMBIENT TEMPERATURE (Ta) #25°C 


aan 
. U 


DRAIN MILLIAMPERES (Ip) 


F58 


~"esee08 


1 eeee oe 
‘auess 
s45Be8 288ee8 


4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


5 | 1.5 Min.; 2.25 Typ. Vv 


DRAIN-TO-SOURCE VOLTS (Vos) 


92CS-17876 


Fig. 10 — Minimum n-channel drain 


characteristics. 
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2 Min.; 3 Typ. 


LOW-LEVEL PROPAGATION DELAY TIME (t,4,, }—ns 


Fig. 11 — Typical high-to-low level propagation 
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TYPICAL TEMPERATURE COEFFICIENT 
e 
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20 


FOR ALL VALUES OF Vp) *0.3%/ °C 
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Fig. 7 — Typical voltage transfer characteristics 
as a function of temperature — CD4010A. 


AMBIENT TEMPERATURE (Tg) = 25°C | tf t 
LOAD CAPACITANCE (C,) © 15 pF rit rt 
eg 
sspecsses | 
; FEET 
5eeanae 
esen 
S ss 
a 


a 
HHH CERAMIC PACKAGES (pi) 
s 


‘4 
eer.se 
gee aie 
Ht 


SGReea5 aeORaS 
0 5 10 15 

SUPPLY VOLTS (Voo ® Vec) 
00 cc 92CS-17858 


Fig. 8 — Maximum propagation delay time vs. 
Vpp — CD4010A. 
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Fig. 9 — Typical n-channel drain characteristics, 


AMBIENT TEMPERATURE (T,)* 25°C [i{!133 
eecceose: +H HH 38 


TYPICAL TEMPERATURE COEFFICIENT 
so! FOR ALL VALUES OF Voo 0 


Hitt 4 


, 
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92CS- 17873 


Fig. 12 — Typical low-to-high level propagation 
delay time vs. C,. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t, , te = 20 ns, C._ = 15 pF, 


Ri = 200 KQ 
CONDITION 
Vi Vcc 
(V) (V) 


LIMIT 


CHARACTERISTIC UNITS 


Typ. 


2g 
<6 


D, F, K, H Packages 


Propagation Delay Time: 
Low-to-High, tp, y 


xe) 
nn 


High-to-Low, tPHL 


Transition Time: 
Low-to-High, trLy 


High-to-Low, try, 


Input Capacitance, C, 
CD4009A 
CD4010A 


E Package 


Propagation Delay Time: 
Low-to—high, tp; y 


~~ 
© 


~ 
oO 


High-to-Low, tpy, 


Transition Time: 
Low-to-High, tp; y 


High-to-Low, try. 


Input Capacitance, C| 
CD4009A 
CD4010A 


AMBIENT TEMPERATURE (Tag)* 25°C BES tara (er 
TYPICAL TEMPERATURE COEFFICIENT FOR [frit 


ALL VALUES OF Vpp 20.3%/°C 0 pitiifindiis: 


AMBIENT TEMPERATURE (Ta) » 25°C 
LOAD CAPACITANCE (C,) » 15 pF 


PPSSS PELTS POSTE LOVTT LVITS CTOTS) 
Peres Sune Seeee POSES CET eS CEEee! 

seed 

Pees PPCM. ae. of OSTT ELITE CT eee Cees 


ttt 
CERAMIC PACKAGES (tp, ) 
Atteteiticithderres Hy 
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CERAMIC PACKAGES pw ratty 


ea biasric saree (pd) H 


eeeed 


HIGH- LEVEL TRANSITION TIME (ty, 44) — no 


HH aeses 
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LOAD CAPACITANCE (C,)— pF SUPPLY VOLTS (Yoo * Vec) 
92CS-1787) 92CS 17857 
Fig. 16 — Typical low-to-high level transition time Fig. 17 — Maximum propagation delay time vs. 


vs. CL. Vpp — CD4009A. 
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CD4009A, CD4010A Types 
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Fig. 13 — Typical high-to-low level propagation 
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ar at 


delay time vs. Cy (driving TTL, DTL). 


|| AMBIENT TEMPERATURE (Ta) = 25 °C : 3333) 
|| TYPICAL TEMPERATURE COEFFICIENT - iH 3252 
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— Typical low-to-high level propagation 
delay time vs. Cy (driving TTL, DTL) 
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Fig. 18 — Typical dissipation characteristics, 
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CD4011A, CD4012A, CD4023A Types 
CMOS NAND Gates 


Quad 2 Input — CD4011A 
Dual 4 Input — CD4012A 


: @ Quiescent current specified to 15 V 
Triple 3 Input — CD4023A ® Maximum input leakage of 1 uA at 15 V 


(full package-temperature range) 


Features: 


The RCA-CD4011A, CD4012A, and CD- # 1-V noise margin (full package-temperature 
4023A NAND gates provide the system range) 
designer with direct implementation of the 
NAND function and supplement the existing RECOMMENDED OPERATING CONDITIONS 
family of CMOS gates. For maximum reliability, nominal operating 
conditions should be selected so that opera- or ee 
These types are supplied in 14-lead her- tion is always within the following ranges: CD4011A 


metic dual-in-line ceramic packages (D and — 
F suffixes), 14-lead dual-in-line plastic Characteristic 


packages (E suffix), 14-lead ceramic flat Supply Voltage Range 
packages (K suffix), and in chip form (H (over full package 
suffix). temperature range) 


MAXIMUM RATINGS, Absolu te-Maximum Values: 


fe} 
STORAGE-TEMPERATURE RANGE (Tstg). 6 es —65 to +150 C 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPESD FyRFA wa aw bs &GePN wd ew eR ES ww Daw & —55 to +125°C 


PACKAGE TYPE © sci sav td dc hd s ab baawe bh wee wuedebbedurs ~40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) a 
DD CD4012A 
(Voltages referenced to Vssg Terminal): . 2... 0. ee —0.5 to +15 V 


POWER DISSIPATION PER PACKAGE (Pp): 


FOR Ta = 40 to +60 C (PACKAGE TYPE EE) «1... ee 500 mw 
FOR Ta = +60 to +85°C (PACKAGE TYPE E) ...... Derate Linearly at 12 mW/°C to 200 mW 
FOR Ta = -55 to +100°C (PACKAGE TYPESD,F,K) -- 0-00 t tee nee 500 mW 


FOR Ta = +100 to +125°C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mw/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)....... 100 mW 
INPUT VOLTAGE RANGE, ALLINPUTS..............0....0..0.04. —0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 0.79 mm) from case for 10 s max 


AMBIENT TEMPERATURE 
(Ty) © 28°C 


92CS- 24761 


CD4023AH 


es 
eee eS *esuan 
tH Tat!25 °C 
eageesrsen. . 
SRASTERRSARBSA: . 
eae eeeceas.. oe 
sess SRROSETR. CROSSES 
tg PL 


seses L- 55°C | ‘seeacen 
SSSRSRSE. 88 seess: 


it 
2 
rH Fig. 1 — Functional diagrams. 
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si 
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aan 
HH 
aes Vss 

ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 


92CS-—22887RI 
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Fig. 2 — Minimum & maximum voltage transfer Fig. 3 — Typical voltage transfer characteristics 


characteristics. as a function of temperature. 


0 esse 
Pi cceccceecscugescscugesan 15 
] Baan 
Sant G 
- P iw pe — 
° bY ‘ - n 
S gers “ 7 yes 
Es wats ¥ & Ss aaae 
no ears 210 
be ante = 
= So @ : a 
oO ® ] = 
> een = 4 
a ery wseatt 3 2 
2 eas sents = 
ha eee a i] i 2 ebodud so BOS a 
2 Seciteeute z a Mott tte eee rt 
3 po ALT a=! INPUT ; = 5 
Sestiiceets states cata: CD401IAD, AE, AF, AK 
Ht +4 H+ c*3 INPUTS CD4023AD, AE, AF, AK 
H 1 4=4 INPUTS 
t F 
. | cy 
ENS , s. as CD4012AD, AE, AF, AK 
ona 2 ss 
0 25 § 75 10 25 1 
INPUT VOLTS (Vy) eacstiracert INPUT VOLTS (Vy) ietesanwe DRAIN - TO - SOURCE VOLTS (Vps) 


92CS-17850 


Fig. 4 — Typical multiple input switching transfer 
characteristics for CD4012A. 


Fig. 5 — Typical current & voltage transfer 


_ Fig. 6 — Typical n-channel drain characteristics. 
characteristics. 
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CD4011A, CD4012A, CD4023A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (°C) 
D,F,K,H Packages 


Vo |Vin|Vpp “96 
(v) |(v) | (v) | Typ. |Limit 


jecent De 6.050.001 |o.05| 3 
Current, Max — | —[ 10 [ot Jooor| or [6 
[= Ps [2 Toe [2 [40 
f= fosfs | ot 0.05Me 


—— 


Conditions 


Output Voltage: 
Low-Level 


VOL 
High Level, 
VOH 
Noise Immunity: 
Inputs Low, 
VNL 
Inputs High, 
VNH 
Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 
Output Drive 
Current: 
N-Channel 
(Sink) 
IDN Min. 
CD4011A 
CD4023A 


Jos] | «95 Min Typ. 


9.95 Min.; 10 Typ. 


rm 1.5 Min.; 2.25 Typ. 
10 | 3 Min.; 4.5 Typ. 


ie 
N 


CD4012A 


P-Channel 
(Source), 
IpP Min. 
All Types 


Input Leakage 
Current, 


Noe WH 


DRAIN - TO - SOURCE VOLTAGE (Vps)—V 
-15 -10 -5 0) 
AMBIENT TEMPERATURE (Tg)* 25°C 1 eae 
TYPICAL TEMPERATURE COEFFICIENT +1144 4 


AMBIENT TEMPERATURE (Ta) « 25°C 
|| TYPICAL TEMPERATURE COEFFICIENT 


seeeececuescesusses ee 
OSES SOSSeSSR0GR898 

GERAS OOCHE RAREST ROSAS ORBLE Ceasar .8 

easseen” 268 

GATE-TO-SOURCE VOLTAGE (Vgs)#!5 Ves 

Segegesee--- 2888 

BSOSSRSTRSCSTESSER 

esses 


DRAIN CURRENT (Ip) —mA 


PROPAGATION DELAY TIME (t,. 44) — ns 


Secccccccccecccceceeesseeeeesececnesssn 

° 10 2 30 4 SO 60 7 80 
rr LOAD CAPACITANCE (C, ) — pF 

92CS-17849 

Fig. 10 — Minimum p-channel drain 


characteristics. 


92CS-17794 
Fig. 11 — Typical low-to-high level propagation 
delay time vs. C,. 


AMBIENT TEMPERATURE (Tg) = 25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgg*-0.3% /°C 
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Fig. 7 — Typical p-channel drain characteristics. 
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Fig. 8 — Minimum n-channel drain characteristics 


—CD4011A & CD4023A. 
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AMBIENT TEMPERATURE (Tg) = 25 °C 


TYPICAL TEMPERATURE COEFFICIENT 
FOR Ip*-0.3%/ °C 


DRAIN - TO- SOURCE VOLTS (Vog) $2¢8<i7 051A 


Fig. 9 — Minimum n-channel drain character- 


istics. 


AMBIENT TEMPERATURE (Ta) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT 
300| FOR ALL VALUES OF Vop *0.3% /°C 
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Fig. 12 — Typical high-to-low level propagation 


delay time vs. Cy, — CD4011A, & 
CD4023A. 
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CD4011A, CD4012A, CD4023A Types 


DYNAMI¢ ELECTRICAL CHARACTERISTICS at Ta = 25°C, Cy = 15 pF, Input t,, t¢= 20 ns, 
R_ = 200 KQ 


TEST 


CONDITIONS D,F,K,H E 
CHARACTERISTICS Packages Package UNITS 


nye. Mex. Typ: 
Propagation Delay Time: 
Lov-to-High Level, tp; 4} 40 | 
High-to-Low Level, tpyy, 


CD4011A and CD4023A 


[40 
| 150_ 
[100 


60 


CD4012A 


Transition Time: 
Low-to-High Level, tr) 


50 
25 
| 50 
26 
| 100 
50 
40 


High-to-Low Level, try 
CD4011A and CD4023A 


~~ 
aie 


CD4012A 


Input Capacitance, C; 


zo 
| 9 
ol ol 


Any Input 


] AMBIENT TEMPERATURE (Ta) © 25°C 
TYPICAL TEMPERATURE COEFFICIENT 
OO} FOR ALL VALUES OF Vop *0.3%/ °C 


| AMBIENT TEMPERATURE (T,) » 25°C t 

|| TYPICAL TEMPERATURE COEFFICIENT FOR 
600] ALL VALUES OF Vp) * 0.3% /°C 

ERSCCCRRRRCTSRRBESEE ad 

tt tt ttt tt 
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Fig. 16 — Typical high-to-low level transition time 
vs. Cy — CD4012A. 


Fig. 15 — Typical high-to-low level transition 
time vs. C; — CD4011A & CD4023A. 
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Fig. 19 — Quiescent device current 


Fig. 18 — Typical dissipation characteristics. test circuit. 


Fig. 20 — Noise immunity 
test circuit. 
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Fig. 13 — Typical high-to-low level propagation 
delay time vs. C; — CD4012A. 
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Fig. 17 — Minimum propagation delay 


time vs. Vpp. 
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test circuit. 
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CD4013A Types 
Dual ‘D’-Type Flip-Flop 


The RCA-CD4013A consists of two identical, 
independent data-type flip-flops. Each flip- 
flop has independent data, set, reset, and 


Setting or resetting is independent of the 
clock and is accomplished by a high level 
on the set (with low-level on reset) or reset 


clock inputs, and Q and Q outputs. These (with low-level on set) line, respectively. 
devices can be used for shift register appli- Th 7 ae 
cations, and by connecting OQ output to the ese types are supplied in 14-lead her- 


metic dual-in-line ceramic packages (D and 


data input,t for counter and toggle applica- 
P oe ere F suffixes), 14-lead dual-in-line plastic 


tions. The logic level present at the D input 


is transferred to the Q output during the packages (E suffix), 14-lead ceramic flat 
positive-going transition of the clock pulse. So al (K suffix), and in chip form (H 
ix). 


92CS- 25046 


MAXIMUM RATINGS, Absolute-Maximum Values: 


CD4013A 
STORAGE- TEMPERATURE RANGE Flagyl <r sukord es tehsesibasatnantyacanns —65 to +150°C FUNCTIONAL DIAGRAM 
OPERATING- TEMPERATURE RANGE (T,) 

PACKAGE TYPES D. Fee sso uccciw Sida bode hae edhe h RY 4 bbw EKER ROSD —5§5 to +125°C 


PACKAGE TYPE Ee 40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) Features. 


(Voltages referenced to Veg Terminal)... 0.6... eee c eee cee eee e teen eens —0.5 to +15 V @ Set-Reset capability 
POWER DISSIPATION PER PACKAGE (Pp): ® Static flip-flop operation — retains state indefinitely 
FOR T a= —40 to +60°C (PACKAGE TYPE E) wey 500 mw with clock level either “high” or “low” 
FOR Tp= +60 to +85°C (PACKAGE TYPEE) ........ Derate Linearly at 12 mW/°C to 200 mW = Medium-speed operation — 10 MHz (typ.) clock 
FOR T= -55 to +100°C (PACKAGE TYPES D,F,K) — «eee 500 mw toggle rate at 10 V 
FOR T,= +100 to +125°C (PACKAGE TYPES BD, Fi). «os Derate Linearly at 12 mW/°C to 200 mW = Quiescent current specified to 15 V 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR @ Maximum input leakage of 1 uA at 15 V 
FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). 4 es 04 100 mW (full package-temperature range) 
INPUT VOLTAGE RANGE. ALG INPUTS jos ccc esck das cad edeserwn dar eeaeds -0.5 to Vpp +05 V ® 1-V noise margin (full package-temperature 
LEAD TEMPERATURE (DURING SOLDERING): range) 
At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10s max. ............. +265°C 
Applications: 


= Registers, counters, control circuits 


AMBIENT TEMPERATURE (Ta) * 25°C 
TYPICAL TEMPERATURE COEFFICIENT '| 77 '* 
30| FOR Ips-0.3%/°C 


TRUTH TABLE 


t a 
ce 
seuseee HEH 
ssssee 


SeaSareTtanitil 
es 


LOGIC 0* LOW 
LOGIC | * HIGH 
4+ LEVEL CHANGE 
X= DON'T CARE 
N(N)* FFI/FF2 TERMINAL 
ASSIGNMENTS 


ORAIN MILLIAMPERES (Ip) 


Yoo 
DRAIN — TO — SOURCE VOLTS (Vps) 
92CS-17800 
Fig.2 — Typical n-channel drain characteristics. 
O- aL INPUTS ARE Ra -T0 - er VOLTS (Vps! 
MO-v PROTECTED BY 
00 Vv “po on B 
COS/MOS PROTEC TION ss sae geasen’ 
7O-Vss5 NETWORK HEH iat i 
925S- 4386R2 


Fig. 1 — Logic diagram and truth table for CD4013A (one of two identical flip flops). 


(97) S3uadWVvITTIW NIVYO 


AMBIENT TEMPERATURE (Ta) = 25°C 


TYPICAL TEMPERATURE COEFFICIENT FOR Ipt-0.3 % / °C ++ io 
a 


92CS-1780! 


Fig.3 — Typical p-channel drain characteristics. 
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CD4013A Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted: AMBIENT TEMPERATURE (Ta) « 25°C z 
For maximum reliability, nominal operating conditions should be selected so that ee 
operation is always within the following ranges — 


LIMITS 


“CERAMIC PACKAGES —— wt 
PLASTIC PACKAGES ===" ++ 


CHARACTERISTIC 


- 
; 


Supply-Voltage Range 
(For Ta = Full Package 


Temperature Range) 0 28 5 % 0 125 
ORAIN — TO — SOURCE VOLTS (Vos) 


92CS-178655 
Data Setup Time . aod : . 
Fig.4 — Minimum n-channel drain characteristics. 


Clock Pulse Width 


Clock Input 
Frequency 


Clock Rise or val 
Time 


ORAIN - TO - SOURCE VOLTS (Vog) 
seg ere IS. A125 00 She -5 -25 ° 
CERAMIC PACKAGES == gg efile 


PLASTIC PACKAGES@—= ttt pre? 


oe 


4 
REPS SSsene rT eecessas's 
sossesceeces Secsseescecsecsscse’ a 
sasceececcaceccs: er 
HE 


If more than one unit is cascaded in a parallel clocked operation, trCL should ee ee ee i 
be made less than or equal to the sum of the fixed propagation delay time at re a 
15 pF and the transition time of the output driving stage for the estimated 

eee>_auneesa eesescess 


Capacitive load. jshesccsscceccecossascccee eueceuee 


* 


(97) S3u3amVITIIN NIV 


92CS-17656 


Fig.5 — Minimum p-channel drain characteristics. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C, Input t,, te = 20 ns, 
CL = 15 pF, Ry = 200 kQ 


AMBIENT TEMPERATURE (Ta)*25°C 
TYPICAL ear ee COEFFICIENT FOR 
ALL VALUES OF Vop*0.3 % /°C 
ea ae aa: ae 
SHSSRSAEERALRAS Hea 


LIMITS 


D,F,K,H 
Vpp | ee | | ini 
(V)_ | Min. | Typ. | Max. | Min. | Typ. | Max. 
150 150 | 350 
75 75 125 
Set to Q or Reset to OQ 175 300 175 
tPLH 75 110 75 
Set to Q or Reset toQ a 300 175 
tPHL 110 75 
Transition Time, ie 125 75 . 
tTHL: tTLH 70 50 
Maximum Clock ae : 5 
Frequency, a 
Minimum Clock 200 i 
Pulse Width, tw 80 a 
Minimum Set or Reset 125 250 
Pulse Width, ty 50 | 100 - 
Minimum Data Setup 20 
Time, ts 10 
Clock Rise or Fall Time iis 
TCL: MCL 
Average Input 
Capacitance, C ane 


w 


CHARACTERISTIC 


nn 


Propagation Delay Time: 
Clock to Q or OQ Outputs 


‘PHL: 'PLH 


PROPAGATION DELAY TIME (teri tery )—ns 


LOAD CAPACITANCE (CL)—pF 


92C5-19093 


Fig.6 — Typical propagation delay time vs. C,. 


AMBIENT TEMPERATURE (Ta)*25 seessaessseees 
TYPICAL TEMPERATURE CO FFICIENT FOR ssetiieeet 
ALL VALUES OF Vpp*03 %/ oe 

bee 


SE. aa 


“ 
HH seessecets sesit? ceneacecse ee ttt 
sen H 
HH gees sce 
fessigec soos 
. 
ee ‘o 
ae 
sea 


TRANSITION TIME (trae * tren) —as 


4 gebec=>-- nee --—.. 8008 Baee-— - 
~-2eaneene-—_ assesses 
aegseeest @eg0e°~~.088 


eee 


LOAD CAPACITANCE ee 


92C5-19094 


Fig.7 — Typical transition time vs. C,. 
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STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Output Voltage: 
Low-Level, 


10 Typ.; 9.95 Min. 


Noise Immunity: 


4.2 5 2.25 Typ.; 1.5 Min. 
45Typ.; 3 Min. 


re] =) 10 | 
log} —| 5 | 2.25 Typ.; 1.5 Min. 


4.5Typ.; 3Min. 


Inputs Low, 


Noise Margin: 
Inputs Low, 


Inputs High, 
VNMH | 1 | 


Output Drive 
Current: 
N-Channel 
(Sink) 


1 Min. 


inal 


ease sa 


+107 5 Typ.; +1 Max. 


IDN Min. 


P-Channel 
(Source) 


IDP Min 


Input Leakage 
Current, 


HoH 
Voo 
INPUTS OUTPUTS 
00° *NH 
° 
VAL Vv 
DO 
OT EST ANY ONE INPUT, Voo 
Vss WITH OTHER INPUTS AT INPUTS 
szcs-27400 YOO OR Vss- e 
Vss 
Fig.10 — Noise immunity test circuit. 
Yoo 
INPUTS , 
ss 
Yoo NOTE: 92c8- 27401 
No MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vop AND Vgs: . , F . 
CONNECT ALL UNUSED Fig.12 — Quiescent device-current test circuit. 


INPUTS TO EITHER 
Voo OR Yss° 


92CS-27402 


Fig.11 — Input leakage test circuit. 


CD4013A Types 


ee TE 
i ee ETE 
: ee : ‘tea 


Se eee eere tin 


CLOCK INPUT FREQUENCY (fc, ) — MHz 


10 
SUPPLY VOLTS(Vpp) 
92Cs-i966e 


Fig.8 — Typical maximum clock input 
frequency vs. Vpp- 


POWER DISSIPATION/ PACKAGE ( Pp )—p»W 


fe) ad fe) 
CLOCK FREQUENCY (fc_)—Hz 
92CS- 36059 


Fig.9 — Typical dissipation characteristics. 


92CS-36060 


Fig. 13—Dynamic power dissipation test 
circuit. 
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CD4014A Types 


CMOS 8-Stage 
Static Shift Register 


Synchronous Parallel or 
Serial Input/Serial Output 


RECOMMENDED OPERATING CONDITIONS at Tag = 25 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 


VpD | D,F,K,H E UNITS 
(v) Packages co 


Supply-Voltage Range (For T a= Full 
Package-Temperature Range) 
350 500 
; 500 830 
Clock Pulse Wid 


* If more than one unit is cascaded tCL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated a ("C) 


D, F, K, H Packages E | E Package 


wv) [wi |v) 
Sete t atest eat eet 700 


ep pee te eee 


(= |rofto| io typ;005Max. = y 
P= [o]s5 [| 4. 95Min:5 Typ 
Po $0.) 40 | 9.95 ae 10 5 


42]—[ 5 | 15Min;225Ty. 


fe [-[[ aminnaste. —*di 
08 |—- | 5 | 1.5 Min.; 2.25 Typ. 
Ppt [=f io] 3 Min345 Typ 


[|e pefeelef ~h osfom ee 


rs fosilas [oa 0175|012| 08 | 0 [o0e 
[0.16 |-0.05 [0.08] 


CHARACTERISTIC 


Conditions 


Quiescent Device 
Current I, Max. 


Output Voltage: 
Low-Level, 
VOL 
High Level 
VOH 
Noise Immunity: 
Inputs Low, 

VN 
Inputs High 
VNH 
Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 


Output Drive 
Current: 
n-Channel 
(Sink), 

IDN Min. 


p-Channel 
(Source): 
IpDP Min. 


Input Leakage 
Current, 


Ne tH 


+10~° Typ.; +1 Max. 


PAR.IN 


12345678 


- 
> 
° 
{>} 
w 
« 
w 
w 
w 
> 
@ 


VSS 32.5 ¢S04a?' 


CD4014A 
FUNCTIONAL DIAGRAM 


The RCA-CD4014A types are 8-stage parallel- 
input/serial output registers having common 
CLOCK and PARALLEL/SERIAL CON- 
TROL INPUTS, a single SERIAL DATA 
INPUT, and individual parallel “JAM” IN- 
PUTS to each register stage. Each register 
stage is a D-type, master-slave flip-flop. In 
addition to an output from stage 8, ‘’Q”’ out- 
puts are also available from stages 6 and 7. 
Parallel as well as serial entry is made into 
the register synchronous with the positive 
clock line transition and under control of 
the PARALLEL/SERIAL CONTROL input. 
When the PARALLEL/SERIAL CONTROL 
input is low, data is serially shifted into the 
8-stage register synchronously with the pos 
itive transition of the clock line. When the 
PARALLEL/SERIAL CONTROL input is 
high, data is jammed into the 8-stage register 
via the parallel input lines and synchronous 
with the positive transition of the clock line. 
Register expansion using multiple CD4014A 
packages is permitted. 


These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


. PAR SER 
CL CONTROL fine 
NAL) 


X =DON'TCARE CASE 4= LEVEL CHANGE 
NC = NO CHANGE 
Fig. 1 — Truth table. 
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Features: 


@ Medium speed operation. .... 5 MHz (typ.) clock 
rate at Vpp — Vss =10V 

@ Fully static operation 

@ 8 master-slave flip-flops plus output 
buffering and control gating 


® Quiescent current specified to 15 V 

@ Maximum input leakage current of 1 UA 
at 15 V (full package-temperature range) 

@ 1-V noise margin (full package-temper- 
ature range) 

DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input ty, te = 20 ns, C; = 15 pF, 


Ry = 200 k2 


LIMITS 


D,F, K,H E 
Packages Package UNITS 


TEST 
CONDITIONS 


CHARACTERISTIC 


Propagation Delay Time; 
tPLH-tPHL 


Transition Time; 
tTHL: tTLH 


Maximum Clock Input 
Frequency, fo, 


Minimum Clock Pulse 
Width, tw 


Clock Rise & Fall Time; 
t,CL, t¢CL” 


Minimum Data Set Up 
Time, ts 


Average Input 
Capacitance, C, Any Input 

* |f more than one unit is cascaded t.CL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


PARALLEL 
INPUT - 1 PI. 2 PI.3 Pid 
OQ 7 Os ©) 5 © 4 
PARALLEL 
SERIAL O 
CONTROL = 
* 
SERIAL 
INPUT o > i. 
" 
* 
CLOCK O -; 
10 
* 


* ALL LOGIC INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Vss 


1 


TERMINAL NO. 16 = Yop 


TG = TRANSMISSION GATE IN ouT \/ \/ 
ul 
TERMINAL NO. 8 = GND 


2 92SS-4152R5 


C)'3 O 12 O 2 
Q-8" Q.7 Q-6 


Fig. 5 — Logic block diagram. 


CD4014A Types 


Applications: 


@ Synchronous parallel input/serial output 
data queueing 

Parallel to serial data conversion 
General-purpose register 


6 |AMBIENT TEMPERATURE (T,)#25°C 
ALTERNATING “O" 


4 AND "I" PATTERN 
| 
r-) 
a 
wy (04 Oe 
oO 
< 
5 
~ 0 pie. 
<li 
2 2 _ am a" a 
: a | are 
~ io2 aa tett tt 
4 Sie aS ae 
5 > aaa 1 S| a) ee 
= of 4 a a | 
io oi BS i  wE 
= LOAD CAPACITANCE (C,_)*ISpF 
ao ae oe 
a 
se Se a ea 
2 3 4 


10 10 10 10 
INPUT CLOCK FREQUENCY (fc,) — kHz 
92CS-17806R5 


Fig. 2 — Typical dissipation characteristics . 


AMBIENT TEMPERATURE (Ta) = 25°C 1 


i 
: 
i 
: 


SUPPLY VOLTS(Vpp) ereryi 


Fig. 3 — Typical clock input frequency 
vs. supply voltage . 


AMBIENT TEMPERATURE (Ta) = 25 °C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Vpp* 0.3 %/°C 


10 20 30 40 50 60 70 80 
LOAD CAPACITANCE (C,) — pF 


92CS-17807 
Fig. 4 — Typical propagation delay time 
vs. load capacitance. 


AMBIENT TEMPERATURE (Ty) = 25°C 


TYPICAL TEMPERATURE COEFFICIENT FOR 
60d| ALL VALUES OF Vpp * 0.3% / % 


TRANSITION TIME (try = ty y)— "0 


eaaa 

SPARS CASES TESA ASSRSRARAS 

SHTAIASRERREREE RATER ESS 
40 


50 60 70 80 


0 10 20 30 
LOAD CAPACITANCE (C,) — pF 
92Cs- 17808 


Fig. 6 — Typical transition time vs. load 
Capacitance. 
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CD4015A Types 


CMOS Dual 4-Stage Static Shift Register 


With Serial Input/Parallel Output 


The RCA-CD4015A consists of two identical, 
independent, 4-stage  serial-input/parallel- 
output registers. Each register has indepen- 
dent CLOCK and RESET inputs as well as 
a single serial DATA input. ‘’Q”’ outputs are 
available from each of the four stages on 
both registers. All register stages are D-type, 
master-slave flip-flops. The logic level pre- 


Resetting of all stages is accomplished by a 
high level on the reset line. Register expan- 
sion to 8 stages using one CD4015A package, 
or to more than 8 stages using additional 
CD4015A’s is possible. 

These types are supplied in 16-lead her- 


metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 


packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive-going clock transition. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tei). te -65 to +150°C 
OPERATING-TEMPERATURE RANGE (T,): 
PACKAGE TYPESD.F.K,.H 9 cs ede eee a hab Dba HEE ew oa ewe ws -55 to +125°C 
CHEMAGE TVS © gcc bbe k ROSS SOW HER OE HEDORER OSS REET OS -40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal)... 2... -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp) 


FOR Tp, = -40 to + 60°C (PACKAGE TYPE E) ©... 1. eee eee eee 500 mw 
FOR T, = +60 to +85°C (PACKAGE TYPE E) ........ Derate Linearly at 12mW/°C to 200 mW 
FOR Ta, = -55 to +100°C (PACKAGE TYPES D,F,K) -.----- ses ese reece 500 mW 


FOR Ty = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


_, , .Derate Linearly at 12 mW/C to 200 mw 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)... . 100 mW 
INPUT VOLTAGE RANGE, ALLINPUTS ... 2... 2. ce ce ee ee te tw ee ne -0.5 to Vop +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. .......... +265°C 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 
Vpp 
(V) 


CHARACTERISTIC 


D, F, K,H E UNITS 
PACKAGES PACKAGE 


mn | max. | ns | wax 
Supply-Voltage Range (For T, = Full 3 12 
Package-Temperature Range) . V 
350 500 
80 100 


830 


Data Setup Time, ts 


Clock Pulse Width, tw 


Clock Input Frequency, fo, 


Clock Rise and Fall Time, t,CL, tgCL” 


Clock Reset Pulse Width, tw 


*If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


DATA, 


CLOCK, 


RESET” 


92cS-25048 


CD4015A 
FUNCTIONAL DIAGRAM 


Features: 

@ Medium speed operation............ 
5 MHz (typ.) clock rate at Vop 
- Voss = 10V 

@ Fully static operation 

= 8 master-slave flip-flops plus output 
buffering 


® Quiescent current specified to 15 V 

= Maximum input leakage current of 1 uA 
at 15 V (full package-temperature 
range) 

® 1-V noise margin (full package-tempera- 
ture range) 


Applications: 

® Serial-input/parallel-output data queueing 
® Serial to parallel data conversion 

= General-purpose register 


TRUTH TABLE 


= LEVEL CHANGE 
X = DON’T CARE CASE 


Fig. 1 — Truth table. 


AMBIENT TEMPERATURE (T,) = 25°C 
LOAD CAPACITANCE (C, ) = 15 pF 


CLOCK INPUT FREQUENCY (fc, )— MHz 


SUPPLY VOLTS(Vpp) 


92CS-19667 


Fig. 2 — Typical clock input frequency 
vs. supply voltage. 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 


CONDITIONS 


CHARACTERISTICS y < ee 
0 | "IN 7 +125 +85 
(Vv) | (Vv) TYP. | LIMIT TYP. | LIMIT 


Quiescent Device 
Current, ri Max. 


Output Voltage: 
Low Level, 


Vou 
High Level 
VOH 


Noise Immunity: 
Inputs Low, 


VAL 


0 Typ.; 0.05 Max 
4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 
V 


_ — < 
a <9 


0 Typ.; 0.05 Max 
Vv 


3 Min.:; 4.5 Typ. 


es 


Inputs High 
VNH 
Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 


Output Drive 
Current: 
N-Channel 
(Sink), 


IDN Min. 


> 
N 


P-Channel 
(Source): 


IDP Min. 


Input Leakage 
Current, 


oe tH 


Yoo 


TERMINAL NO. 16 = Yoo 
TERMINAL NO 8 = GND 


* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


92SS-4155R3 


Fig. 6 — Logic diagram. 


CD4015A Types 


é 
Lt 
x § 
a 
~ 
* 
2 
x 
= 
w 
= 
- 
% 
a 
WwW 
a 
g 
- 
re) 
& 
® 
a 


ry OSES BEGHE GSRSS BTORRDERSSSEERe STAD 
a PE eee ee 
fe) 30 40 50 60 70 80 
LOAD CAPACITANCE (C,) — pF 
92CS-17807 


Fig. 3. — Typical propagation-delay time 
vs. load capacitance. 


AMBIENT TEMPERATURE (Ta) = 25°C 


TYPICAL TEMPERATURE COEFFICIENT FOR + 
j] ALL VALUES OF Vpp *0.3% / *c 
rT TTT yy LJ 


_ SSS Seat ee soare ore eee 


TRANSITION TIME (try, *ty,q)— 08 


++ opeese 
++ 


0 10 20 30 40 +50 60 70 80 
LOAD CAPACITANCE (C,) — pF 
92CS- 17808 


Fig. 4 — Typical transition time vs 
load capacitance. 


10 |AMBIENT TEMPERATURE (Ta) *25°C 
ALTERNATING "0" 
AND “|” PATTERN 


z 
a 
cr) 
= 
ws 
° 
a 
x 
4 
a 
ra 
Qo 
‘a 
& 
a 
2 
ro) 
« 
3 


LOAD CAPACITANCE (C.)*I5pF 
—--- CC, *50pF 


INPUT CLOCK FREQUENCY (fc, ) — kHz 
92C$-17806R5 


Fig. 5 — Typical dissipation characteristics. 
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CD4015A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 


Yoo 
at Ty, = 25°C, Input tp, t¢= 20 ns, Cy = 15 pF, Ry = 200 kX2 a — 
INPU 
Yoo Ynn 7 
Noe + 
Wha. : 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-27441 


Fig. 7 — Noise-immunity test circuit. 


Propagation Delay 


Time; 
TeLH: TPHL 
Yoo 
Transition Time; 
trou 'TLH tls 
Yoo NOTE 
er MEASURE INPUTS 
Minimum Clock Pulse es (x) . SEQUENTIALLY, 
' Vss TO BOTH Vpp AND Vg 
Width, tw CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vss 
92CS-27402 
Minimum Data Set- 
up Time ts Fig. 8 — Input-leakage-current test 
circuit. 


Maximum Clock 
Input Frequency, 


Propagation Delay 
Time,. Tey 


Minimum 
Reset Pulse Width 
Ww 


*If more than one unit is cascaded t-CL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitve load. 


Test performed with the following 
sequence of ‘'1's’’ and ‘’0’s”’ 


TERMINAL DIAGRAM 


Ss S Ss : 
Test i : . Top View 
Don't Test O 0 1 
Don't Test 1 0 1 CLOCK B 1e Yoo 
Don't Test O (¢) 0 Q4B8 2 DATA B 
; Q3A 3 RESET B 
Don't Test 1 0 0 ey eee ole 
Don’t Test 0O 0 1 QIA 5 Q28 
Test 1 0 1 RESETA 6 Q38 
Don't Test O 0 0 wae eee ‘ 
92CcS 17909 Test 1 (0) 0 


92CS-24487 


Fig. 9 — Quiescent-device-current 
test circuit. 
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CMOS Quad 
Bilateral Switch 


For Transmission or Multiplexing 
of Analog or Digital Signals 


The RCA-CD4016A Series types are quad 
bilateral switches intended for the trans- 
mission or multiplexing of analog or digital 
signals. Each of the four independent bi- 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch ON or OFF. 


These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 


@ 15-V digital or + 7.5-V peak-to-peak switching 
@ 280-{2 typical ON resistance for 15-V operation 
® Switch ON resistance matched to within. 10 22 


typ. over 15-V signal-input range 
® High ON/OFF output-voltage ratio: 
65 dB typ. @ fj, = 10 kHz, Ry = 10 kQ2 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 


Supply Voltage Range (For T, = Full Package 


Temperature Range) 


Vop | Yss 
(V) (V) 
Fo | 


Ron!max. ) 


Ron!max. ) 


+7.5 -75 


Ron 


Ron 


* Variation from a perfect switch, Ron = 02. 


VALUE] V,, [VALUE Tarte Vis 
(£2) (V) (£2) ie ($3) (V) 


Rogier] 7 [7S mo [075] 0_[2 
ay Cee ee ee 


CD4016A Types 


® High degree of linearity: <0.5% distortion 
typ. @ fis = 1 kHz, Vis = 5 Vp-p, 
Vpp-Vss 2 10 V, Ry = 10 kQl 

® Extremely low OFF switch leakage result- 
ing in very low offset current and high ef- 
fective OFF resistance: 
100 pA typ. @ Vpp—Vss = 10 V, Ty = 25°C 

® Extremely high control input impedance 
(control circuit isolated from signal circuit: 
1012 © typ. 

® Low crosstalk between switches: 
—50 dB typ. @ fj, = 0.9 MHz, Ry = 1 kQ2 

® Matched control-input to signal-output 
capacitance: 
Reduces output signal transients 

@ Frequency response, switch ON = 40 MHz 

(typ.) 

® Quiescent current specified to 15 V 

® Maximum input leakage current of 1 uA ince 
at 15 V (full package-temperature range) Vc 


92CS- 21627 


FUNCTIONAL DIAGRAM 


Applications: 

® Analog signal switching/multiplexing 
Signal gating ® Modulator 
Squelch control = Demodulator 
Chopper ® Commutating switch 


CD40I6A 


IN/OUT 


Fig. 1—Schematic diagram — 1 of 4 
identical sections. 


® Digital signal switching/multiplexing 

® CMOS logic implementation 

® Analog-to-digital & digital-to- 
analog conversion 


phase, and analog-signal gain 


SUPPLY VOLTS: Vpp* +15, Vgg * 0 
AMBIENT TEMPERATURE (Tq) * 25°C : 


CHARAC.- SUPPLY LOAD 
TERISTIC*} CONDITIONS CONDITIONS sees 
AL RICE 


OUTPUT SIGNAL VOLTS (Vos) 


i?) 2.5 5 7.8 10 12.5 1S 
INPUT SIGNAL VOLTS (Vig) 


Fig.2 — Typ. “ON” characteristics for 1 of 4 


eo 
SUPPLY VOLTS: Vv +10; Ves* E 
AMBIENT T' PERATURE: (Tale i 


SET TE 


8 
g 
2 
g 
: 
3 


4 a98ee 

thtte 

itt ‘ 2 jeseesecesecs Ht 
EES a EH HTH H 
eedeeee + 

eedenee +} 3 ee 


Hea, eg Hel EE 
SESE PtH RR 


LENETI EL 


i 
Ry: 


NY 


INPUT SIGNAL VOLTS (Vig) 


870k Fig.3 — Typ. “‘ON” characteristics for 1 of 4 


® Digital control of frequency, impedance, 


92CS-17880 


switches with Vpp = +15 V, Vsg =O V. 


92CS-i7833 


switches with Vpp = +10 V, Vss =0 V. 
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CD4016A Types 


SUPPLY VOLTS  Vpp* +5, Vgg*0 


ELECTRICAL CHARACTERISTICS (All INPUTS. « ab kw 6 ee wm VssS VIS Vpp) AMBIENT TEMPERATURE (Tq) = 25°C 
Recommended DC Supply Voltage (Vpp—Vss). .3 to 15 V) eeee 


Test Conditions Limits 
All Voltage Values | Values at -55°C, +25°C, +125°C Apply to D, F, K, H Packages 
Characteristic are in Volts Values at —40°C,+25°C,+85°C Apply toE Package 


+850 +1250 

Fi el ed Ene 
| 0.01 | 
| 0.01 | 
== 
be 
ae 


Quiescent Device 

Current, I max 

(All switches ON 

or all Switches 
| =| 
== 
a 
| 10 
Bee 


3 
> 
7) 
- 
al 
° 
> 
=| 
< 
z 
2 
“0 
b 
= 
a 
- 
> 
° 


INPUT SIGNAL VOLTS (Vis) 


OFF) 
D,F,H Pkgs: 


92CS-17834 

Fig. 4 — Typ. “ON” characteristics for 1 of 4 
switches with Vpp = +5 V, Vss = 0 V. 
E,Y Pkgs. 


Signal Inputs (Vj;) and a (Vos) 


vo Ty p/Max | Typ/Max p/Max | Typ/Max 
= 10 k{2® 
Ba +7.5 |120/360 |130/370 |260/520 | 300/600 
+7.5 |-7.5 


Pees Oe A 
SUPPLY VOLTS: Vpp *+75; Vgg *-75 Z5 nh 
|| AMBIENT TEMPERATURE (T,)*25°C 2:/; 


=75 [1207360 [130/370 
0.25 | 130/775 {160/790 }400/1080] 470/1230 | 
5 |130/600 {150/610 
=5_|130/600 |150/610 
0.25 |325/1870|370/1900 a Sep 
+15 [120/360 [130/370 foo = 

9.3 [1507775 [1a0/790_[4 2 seen 
+10 1130/600 1150/610 aig ks tn gl fon tore 
raee lisneor lieaiein switches with Vpp = +7.5 V, Vsg = -7.5 V. 


300/1870{350/1900 | 750/2380} 880/2600 


+ 
OUTPUT SIGNAL VOLTS (Vos) 


LP) 


+ + 
on oO 


i+ 


ON Resistance, 
RON 


+10 


AON Resistance PRE =10kQ° = 10 erect 
Between Any +75 1-7.5 
2 of 4 Switches 5 


ARON 


Sine Wave i a 
mon 


6 SUPPLY VOLTS: Vpp * +5; Vsg*-5 
AMBIENT TEMPERATURE (Tg) # 25°C 


+ 
on 


+ 
on 

I+ 
I+ ar 


(Distortion) ie = 1kHz 


Frequency Response 7 
Switch ON . 
(Sine-Wave 

Input) 


+474 

I 

sceseccsescesestsee 
: 


INPUT SIGNAL VOLTS (Vig) 
92CS-17836 


Fig.6 — Typ. “ON” characteristics for 1 of 4 
switches with Vpp = +5 V, Vsg =-5 V. 


Feedthrough 
Switch OFF 


SUPPLY VOLTS: Vop * + 2.5V, Vgg * -2.5V 
AMBIENT TEMPERATURE (Tg) = 25°C 


Input or Output 
Leakage Current 
Switch OFF 
(Effective OFF 


2 3 
INPUT SIGNAL VOLTS (Vig) ses 2s 


Fig.7 — Typ. “ON” characteristics for 1 of 4 
switches with Vpp = +2.5 V, Vgg = -2.5 V. 
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CD4016A Types 


ELECTRICAL CHARACTERISTICS (Cont’d) .........2.2. ~Vsg< ViS Vpp) 
Recommended DC Supply Voltage (Vpp—Vss). .3 to 15 V) a Ged ee et 


fee ea et ase 


Test Conditions Limits 
All Voltage Values | Values at -55° C, +25°C, +125°C Apply to D, F, K,H Packages 
are in Volts Values at —40°C,+25°C,+85°C Apply to E Package 


+ ° 
bee eeace 
eececscecazcss 


“e 
z 
“” 
: 
d 
z 
2 
7) 
5 
rs 
3 


Vcl(A)=Vpp=t5 
Crosstalk Between | Ce Ss" 
Any 2 of 4 Vi,(A) = 5 p-p 


Switches Ri=1kQ 
(f = —50 dB) Vos(B) INPUT SIGNAL VOLTS (Vis) 


92CS-16072 
Fig.8 — Typ. “ON” characteristics as a function of 
temp. for 1 of 4 switches with Vpp = +5 V, 


Vss = -5 V. 
Propagation 
Delay (Signal 
Input to 
Signal Output) tod 7 
"SUPPLY VOLTS. Vop=+5, Vgg-5 
CONTROL VOLTS (Vc)*-5 
a 20h ep Fyn VOLTS (Vis)=5 Vp-p SINE WAVE (1.77 RMS) 
" ; 3 ~ APACITANCE (CL)=C +C 22. 5? 
Capacitance: = FIXTURE AND METER NULL CD OUT ic cailanadlies 
F C1OSig, =O 8pF \ | ' 
Input,Cjs ‘i 25 ° ale? — T +f T +++ ++ +H 37 
BOONTON RATIO | | | 
Output Cos ek A 
Feedthrough,Ciggs 2 20 Lt =, oy Th 
2 ee, 4 $ 2 
Control (V,)* , 4 fee t/sif of | flies 
A < | Ko | | =, 2, 
Switch Threshold — | VisSVDD.!is= 104A] 0.7min 0.2min | O.5min S IL ys | tl iv Ve 
10 + +f ttt 5 
Voltage, VTH Vpp-Vss=15,10,5 | 2.9max 2.4max | 1.5 2.7 V 5 | | t iH 7 | P 
a S 
Input Leakage VoD 5 5 ce ALIA tis) tis, 
Current,l} max VisSVDD | _ +1075 typ; +1 max. LA ° ill F | Ti 
Crosstalk a iia 2 oe 2 468 42 466.2 ae 
(Control Input INPUT SIGNAL FREQUENCY (fig) kHz 
Si | Output) 92CS-16079 
to Signa , 
9 Fig.9 — Typ. feedthru vs. frequency — switch 
“OFF”, 


Turn-On 
Propagation Delay, 
tp dc | t,,tf=20 ns 
C_=15 pF 
Rp=1kQ 
Vpp=10, 
Maximum Vss=GND 
Allowable Control! | Ru=1 k22, 
Input Repetition |C =15 pF 
Rate Vcc=10(Sq.Wave) 
tr,t¢ - 20 ns 


SUPPLY VOLTS: Vop*+5; Vgg*-5 
INPUT SIGNAL VOLTS (Vig)* 5 Vp-p SINE WAVE (1.77 RMS) 


Pil | tdi dt 


Yc'Voo 


£5 Vig WON 2 
’ tit : a 
xa [ $ixa 


= v-:v.. RF VOLTMETER 
C°*SS BOONTON RADIO 
a MODEL 91-CA 
: OR EQUIV 


OUTPUT SIGNAL RMS MILLIVOLTS (Vos) 


* Limit determined by minimum feasible leakage current measurement for automatic testing. 
4 Symmetrical about 0 volts. 
© For all test conditions. INPUT SIGNAL FREQUENCY (1,,)— kHz 


92CS - 16080 


T All control inputs protected by COS/MOS protection network. Fig.10 — Typical crosstalk between switch 
circuits in the same package. 


SUPPLY VOLTS: Vop*+5, Vss*—5 : RF VOLTMETER 
INPUT SIGNAL VOLTS (Vis)* 5 Vp-p BOONTON RADIO 
SINE WAVE (|.77 RMS) or caoe 
CONTROL VOLTS (Vc)*+5 ‘ 

® LOAD CAPACITANCE # (Crix *CMe TER): 
2342 5°48 pF 


2) 
2 
« 
aa 
° 
52 
Yan 
ae] 
a9 
=] 
5 ALL UNUSED TERMINALS ARE 
ALL UNUSED TERMINALS 
ALL Bw CONNECTED TO Vgs 
INPUT SIGNAL FREQUENCY (f)5) MHz 92C$-27610 cai 
92S -16070 ; - ee a Fig.13 — Test circuit for square-wave 
Fig.11 — Typical switch frequency response Fig.12 — “OFF” switch input or output response 7 
— switch “ON”. leakage current test circuit. . 
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CD4016A Types 


SCALE: X=0.2ms/DIV Y =2.0 V/DIV 
VoD = Vc = +7.5V, Vss = -7.5V, RL = 10K2 
CL =15 pF 

figs = 1KHz Vis=5Vpp 

DISTORTION = 0.2% 


92CS-27612 


Fig.14 — Typical sine wave response of Vpp = 
+7.5 V, Vsg = —7.5 V. 


SCALE X= 100ns.Div 
Y=-2VO0IV 


92CS-27617 


Fig.17 — Typical square wave response at Vpp 
= Vo = +5 V, Vss = Gnd. 


+10V Vis 


ie) 
tr, t= 20n8 


CO40I6A : 


ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 


92CS-276!19 


Fig.19 — Propagation delay time signal input 
(Vig) to signal output (Vocg). 


SCALE: X=0.2ms/DIV Y= 2.0 V/DIV 


Vop = Vc = +2.5V, Vss = -2.5V, RL = 10KQ2 


CL = 15 pF 
fig= 1 KHz Vis=5Vpp 
DISTORTION= 3 % 


ef Ne 


SCALE X= 100ns DIV 
Y-50V DIV 


92CS-27615 


92CS- 27614 


Fig. 15 — Typical sine wave response of Vpp = 


+2.5 V, Vsg = -2.5 V. 


+10V Vo 
fe) 
t,=t¢220ns 


Vop = t!OV 


VisO 


ALL UNUSED TERMINALS ARE 
CONNECTED TO Vsg 


92CS - 27605 


(a) 


Fig.16 — Typical square wave response at 
Vop = Vc = +15 V, Vss = Gnd. 


VC 
Vos WITH TEST UNIT 
(1 SWITCH OF CD4016A emp 
PLUGGED IN TEST 
FIXTURE) 
Vos FIXTURE ALONE ew 
(NO UNIT TERM 


5 TO 3 OF SOCKET) 


Vc = 10V PER DIV 
Vos -0 2V PER Div 
t 100ns PER DIV 
92CS-27618 


(b) 


Fig.18 — Crosstalk-control input to signal output. 


ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 


92CS- 27620 


Fig.20 — Max. allowable control-input 
repetition rate. 


(13) 


= poe 


92CS- 27621 


SWITCH THRESHOLD VOLTAGE IS DEFINED 
AS THE VOLTAGE APPLIED TO A TRANS- 
MISSION GATE CONTROL WHICH CAUSES 
10 pA OF TRANSMISSION GATE CURRENT. 


Ve 


Vis "VoD 


Fig.21— Switch threshold voltage. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (T 54g) ee ee ee ee ee ee ee > ee ee 
OPERATING- TEMPERATURE RANGE (Tp) 

PACKAGE TYPES D, F, K, H 


PACKAGE TYPE E 


—65 to +150°C 


—55 to +125°C 


| hoy-q dou fp Ba sRGh a o4 ben Qaed ee ees ones 4e4 —40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vee JEIMINGH) «6u8 65 oon ou ped 65 ERG ee SUGAR Re SE dEE ERS —0.5to +15 V 
POWER DISSIPATION PER PACKAGE (Pp) 
FOR T,= —40 to +60°C (PACKAGE TYPE E) 1... eee ia 500 mw 
FOR T,= +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 
FOR T 4 ==80 10 *100°C (PACKAGE TYPESD,F,K) sk secs eer ededes eave ae es Tr 500 mW 


FOR Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)... 
INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10 s max 


_Derate Linearly at 12 mW/°C to 200 mW 


100 mW 
—0.5 to Vop +05 V 


+265°C 
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MEASURED ON BOONTON CAPACITANCE 
BRIOGE MODEL 754 (I MHz) 


ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 


92CS- 27622 


Fig.22 — Capacitance Cjgg and Cgg. 


CMOS Decade 
Counter/Divider 


Plus 10 Decoded Decimal Outputs 


The RCA-CD4017A consists of a 5-stage 
Johnson decade counter and an output de- 
coder which converts the Johnson binary 
code to a decimal number. Inputs include a 
CLOCK, a RESET, and a CLOCK INHIBIT 
signal. 


The decade counter is advanced one count at 
the positive clock signal transition if the 
CLOCK INHIBIT signal is low. Counter ad- 
vancement via the clock line is inhibited 
when the clock INHIBIT signal is high. A 
high reset signal clears the decade counter to 


MAXIMUM RATINGS, Abso/lute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tg¢g) 

OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE (Vpp) 


(Voltages referenced to Vgg Terminal) ....... 


POWER DISSIPATION PER PACKAGE (Pp): 
FOR Ta = -40 to +60°C (PACKAGE TYPE E) 


FOR Ta = +60 to +85°C (PACKAGE TYPE E€)) 

FOR Tx, = -55 to +100°C (PACKAGE TYPES D, F, K) 

FOR Tx, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


ct ee kh eS eee Se eh UR HR ee SS C8 6 


Cr oe ee, Ae ee Oe ee Oe Se ee SO 


eo 8 © © © © © © © © © 8 


oe te ee TR ee eS SC eS HH Oe Fe ee Ee ie we Oe ee eS] we eee ie: 8 


its zero count. Use of the Johnson decade 
counter configuration permits high speed 
operation, 2-input decimal decode gating, 
and spike-free decoded outputs. Anti-lock 
gating is provided, thus assuring proper 
counting sequence. The 10 decoded outputs 
are normally low and go high only at their 
respective decimal time slot. Each decoded 
output remains high for one full clock cycle. 
A CARRY-OUT (CouT) signal completes 
one cycle every 10 clock input cycles and is 
used to clock the succeeding decade directly 
in a multi-decade counting chain. 

These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 


packages (K suffix), and in chip form (H 
suffix). 


-65 to +150°C 


-55 to +125°C 
~40 to + 85°C 


jo et R Bek I ge w eet, Sha erie ww Se ees —~O0.5to +15 V 


1G a OR Se es hie ee oe aS ... 500 mW 


2. as a ok aye Wee anes Le, acts 500 mW 
. Derate Linearly at 12 mW/°C to 200 mw 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mW 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. .......0 00 ee ee 


3 CLOCK INHIBIT 


=O~ 


+265°C 


ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 
Yoo 
aaa 


Fig. 1 — Logic diagram. 


CD4017A Types 


DECODED DECIMAL OUT. 


“or 
i 
9° 
ny 
oh 
3" 
He" 
wg 
i 


92CS-25072 R2 


CD4017A 
FUNCTIONAL DIAGRAM 


Features: 


® Synchronous decade counter plus 10 de- 
coded outputs 

® Fully static operation 

@ Medium speed operation. .. 
...5 MHz (typ.) at Vpp — Vss = 10 V 


® Quiescent current specified to 15 V 

@ Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range 
range) 

® 1-V noise margin (full package-tempera- 
ture range) 


Applications: 


Decade counter/decimal decode display 

Frequency division 

Counter control/timers 

Divide by N counting 

N = 2 — 10 with one CD4017A and one 
one CD4001A 

N > 10 with multiple CD4017A’s 

® For further application information, see 

ICAN-6166 “CMOS MSI Counter 

and Register Design & Applications” 


RESET \ 


CLOCK INHIBIT ir" 
0 i ene ae Ie xem ee 
| re rT 4% 

Dee a eg ietgege ine Ete 


CARRY OUT 4295-4 14 R | 


Fig. 2 — Timing diagram. 
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CD4017A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 


Quiescent Device 
Current, |, Max. 


Output Voltage: 
Low-Level, 


VoL 


High Level 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 
Inputs High 
VNH 

Noise Margin 
Inputs Low 
VNML 
Inputs High, 
VNMH 

Output Drive 


Current: 
N-Channel (Sink) 


Decoded 
Outputs 


P-Channel (Source) 


Decoded 
Outputs 


Carry 
Output! 


Input Leakage 
Current, 


No YH 
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res [= [ie [ows [1 [ose [ome [oa 
[as |= | 5 Lone-007|-o09 |-oo2 01 
fos [= fio Fore [oz fos [oo Foon 
ras [= [s Fore [oe Faw [010-2005 |-o4 |-20e [ons 
ras [= [io Favs 1 Faas [ozs Fas Ey [aa [020 


Any Input 
- 15 


O Typ.; 0.05 Max. 
0 Typ.; 0.05 Max. 
4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


lec {uw 0.035 


+10° Typ., +1 Max. 


CD4017A 


oflt I, 
N DECODED 
OUTPUTS 


0 DECODED OUTPUT 


decoded outputs. 


flue 


—0.07 


INPUTS 

Voo NOTE: 

MEASURE INPUTS 

SEQUENTIALLY, 

Vss TO BOTH Vpp ANDO Ves: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vgs° 
Vss 


92CS-27402 


Fig. 10 — Input-leakage-current test circuit. 


Voo 
INPUTS OUTPUTS 
Yoo" YNH 
Noe * 
° - 
VANL 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 

92€3-2744) 


Fig. 11 — Noise-immunity test circuit. 


FOR N 6 
f= CLOCK = N 


ALTERNATE Coy 
FORN = 2 TO 10 
= CLOCK = N 


92SS-4537R1 


Fig. 12 — Divide by N counter (N S 10) with N 


When the Nth decoded output is reached 
(Nth clock pulse) the S-R flip flop (con- 
structed from two NOR gates of the 
CD4001A) generates a reset pulse which 
clears the CD4017A to its zero count. At 
this time, if the Nth decoded output is 
greater than or equal to 6, the CouT line 
goes high to clock the next CD4017A 
counter section. The ‘’0’’ decoded output 
also goes high at this time. Coincidence of 
the clock low and decoded “0’’ output low 
resets the S-R flip flop to enable the 
CD4017A. If the Nth decoded output is 
less than 6, the COUT line will not go high 
and, therefore, cannot be used. In this case 
“0” decoded output may be used to perform 
the clocking function for the next counter. 


ECOMMENDED OPERATING CONDITIONS at 7,4 = 25°C, Except as Noted. 
or maximum reliability, nominal operating conditions should be selected so that 


9eration is always within the following ranges: 


CHARACTERISTIC 


supply Voltage Range (For T ,=Full 
Package-Temperature Range) 


clock Inhibit 
Setup Time, ts 


slock Pulse Width, tw 


slock Input Frequency, foi 


Zlock Rise or Fall Time, trCL, t¢CL 


Zeset Pulse Width, ty 


Reset Removal Time 


<< 
7] 


1000 


8 


| 
g 
sy 

= 

- 
2 
# 
- 
g 
e 
a 
2 
= 
= 


LOAD CAPACITANCE (C,)—pF 
92Ccs-17626 


Fig. 5 — Typical transition time vs. C, for 
decoded outputs. 


4 


UNE T 


3 
NUNN TT 


——— LOAD _ CAPACITANCE (C, )*ISpF 
——— Cy, *SOpF 


a 
\ 


i 
' 
i 
3 
: 
; 


N 
AN 


7 
' 10 10? 0° 10 
INPUT CLOCK FREQUENCY (fc,) — ber 


92CS-17TSZOAI 


Fig. 8 — Typical dissipation characteristics. 


LIMITS 


D, F, K, H 
PACKAGES 


UNITS 


E 
PACKAGE 


8 


3° 
re) 


TRANSITION TIME (trig * tri ns 


Saeane 
° 10 30 


40 
LOAD CAPACITANCE (C,)— pF 


50 60 


92CS-I7879RI 


Fig. 6 — Typical transition time vs. Cy for 
carry output. 


DNOW Fwn — 


92CS-I79IIRI 


ecoooo- ¥ 


PROPAGATION DELAY TIME (tpn, = tp_y) — ns 


PROPAGATION DELAY TIME (toy, t pj y)—9s 


CD4017A Types 


AMBIENT TEMPERATURE (Ty) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR - 
ISO0|ALL VALUES OF Vop = 0.3% /°C 


LOAD CAPACITANCE (C,) — pF 
92CS- 17826 


Fig. 3 — Typical propagation delay time vs. 
Ci for decoded outputs. 


“AMBIENT TEMPERATURE (T,)« 25°C 
| TYPICAL TEMPERATURE FOR ALL 
600! VALUES OF Vpp = 0.3%/*C 


30 40 50 60 70 
LOAD CAPACITANCE (C,) — pF 


80 


92CS-|17827 


Fig. 4 — Typical propagation delay time vs. Cy 
for carry output. 


AMBIENT TEMPERATURE (T,) = 25°C 
LOAD CAPACITANCE (C, ) = 1S pF 


; 
: 
é 
: 


a e 
es eS8608 ttt tet 
0000) 560000000 c0000000R0 00000008 
SUPPLY VOLTS(Vpp) 
92C$-19867 


Fig. 7 — Typical clock input frequency vs. Vpp. 


Test performed with the following 


sequence of ‘’1’s and ‘‘O 


o-0-0+ % 


lett 


s'’ at each switch. 


$3 $4 S2 $3 
1 e) 1 te) 
ie) te) ce) ie) 
1) ie) 1 e) 
0 te) ie) te) 
0 e) 1 e) 
ie) e) ie) Oo 

0 1 ie) 


Fig. 9 — Quiescent device current test circuit. 
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CD4017A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ta = 25°C, Input t,,te = 20 ns, C) = 15 pF, Ry = 200 kQ 


LIMITS 
TEST 
CHARACTERISTIC CONDITIONS UNITS 


CLOCKED OPERATION 


Propagation Delay 
Time; tpHL tPLH 


Carry Out Line 
Decode Out Lines 


Transition Time; 
tTHL. tTLH 


Carry Out Line 


Decode Out Lines _ 


Maximum Clock Input 
Frequency, fo.” 


Minimum Clock Pulse 
Width, tw 


Clock Rise & Fall Time; 
t-CL, teCL 


Minimum Clock Inhibit 


Average Input 
Capacitance, C; 


RESET OPERATION 


Any Input | Input 


Propagation Delay 
Time; tPpHL 


To Carry Out Line 


To Decode Out Lines 


Minimum Reset Pulse 
Width, tw 


Minimum Reset Removal 
Time 


*Measured with respect to carry output line 
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CMOS Presettable Divide-By-‘N’ Counter 


The RCA-CD4018A types consist of 5 
Johnson-Counter stages, buffered Q outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10, 8, 6, 4, or 2 counter 
configurations_ can be implemented by 
feeding the Q5, Q4, Q3, Q2, Q1 signals, 
respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura- 
tions can be implemented by the use of a 
CD4011A gate package to properly gate the 
feedback connection to the DATA input. 
Divide-by functions greater than 10 can be 
achieved by use of multiple CD4018A 


bag 
‘© Jam) 


% 
3 O Jam 


units. The counter is advanced one count at 
the positive clock-signal transition. A high 
RESET signal clears the counter to an all- 
zero condition. A high PRESET-ENABLE 
signal allows information on the JAM inputs 
to preset the counter. Anti-lock gating is 
Provided to assure the proper counting 
sequence. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package ° 
(K suffix), and in chip form (H suffix). 


* 


+ aa 
7Q Jam3 9Q Jomg 12© Joms 


Ble y_ Y_ Y | ¥ |. ¥ | 


PRESET  ! L 
ENABLE ¥ ¥ 
8" Pod It 


eT 


® 
1 DATA aE ] 

bal | 
a> _ 


RESET 
Yoo TERMINAL NO. 16 = Yoo 
TERMINAL NO. 8 = GND 


* ALL INPUTS ARE \W 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 5 Od, 


Vss Fig. 1 — Logic diagram. 


TLL 


aleeike 


y y YY Y¥ 


130) Qs 
925M 4147R3 


4O Q 6©O 03 NO a 


(“‘DATA’’ INPUT TIED TO Qs FOR DECADE COUNTER CONFIGURATION) 


RESET 


Jam] 


Jam? 


pReser HISSESSSUQRREEEER( SUED 


Jam3 DON'T CARE UNTIL “‘PRESET'’ GOES HIGH REeSRESE 


Jomg 


Jams 


,aane 
~ [ty 


ds 
© oP ak 
» peo 
* oT Th 
Her 
S00R= 5 Apne 


=< 
* Tor Coe 
PHS 


if. 
Qs 


Fig. 2 — Timing diagram. 
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CD4018A 
FUNCTIONAL DIAGRAM 


Features: 


@ Medium speed operation... . 5 MHz (typ.) 
at Vpp — Vss= 10V 

@ Fully static operation 

@ Quiescent current specified to 15 V 

@ Maximum input leakage current of 1 UA 
at 15 V (full package-temperature range) 

@ 1-V noise margin (full package-temper- 
ature range) 


Applications: 


@ Fixed and programmable divide-by-10, 
9,8, 7, 6, 5, 4, 3, 2 counters 

@ Fixed and programmable counters 
greater than 10 

@ Programmable decade counters 

® Divide-by-‘N” counters/frequency 
synthesizers 

@ Frequency division 

® Counter control/timers 


EXTERNAL CONNECTIONS FOR DIVIDE 
BY 10, 9, 8 7, 6, 5, 4,3 OPERATION 


DIVIDE BY 10 as 

DIVIDE BY 8 Gq | CONNECTED NO EXTERNAL 
COMPONENTS 

DIVIDE BY'S Qs | “para” REQUIRED 

DIVIDE BY 4 Qe 


DIVIDE BY 2 oF 


DIVIDE BY 9 


-— $2 CO40llA 
Gs, | 7 

H | CONNECTED BACK TO “DATA” 

: ! (SKIPS "ALL-I's" STATE) 

lel araieclameunis eaanieoe 
DIVIDE BY 7 
1/2 CD4011A 
~ [— ne ee ae 
3 | | 
|___ CONNECTED BACK TO "DATA" 
| (SKIPS “ALL- I's" STATE) 
. eee ee 4 
DIVIDE BY 5 
1/2 CD4011A 
as Wee ge ae eee a 
Qe | : 

; CONNECTED BACK TO "DATA" 
™ (SKIPS "ALL- I's" STATE) 
i 5 
DIVIDE BY 3 

ia ee 
Q, | | 

: , _ CONNECTED BACK TO "DATA" 
2 ! (SKIPS "ALL- I's" STATE) 
Qe ! ! 

ee eer a 


92CS-I7OTIR2 
Fig. 3 — External connections for divide by 10, 
9, 8, 7, 6, 5, 4, 3, 2 operation. 
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CD4018A Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


co) 

STORAGE-TEMPERATURE RANGE (Teg)... 2 2 ee ee —65 to +150 C 

OPERATING-TEMPERATURE RANGE (Ta): : 
PACKAGE TYPES O,F, KA «te eee eee SRR we ws CA SFE Ge eRe 8 HH —55 to +125 C 


PACPRAGE TVEE. ©. vada 66455. 458 de 255.95 0 04 oo eee ES hee SOO —40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal): . 2.2... 1 —0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp) 

FOR Ta= —40 to +60°C (PACKAGE TYPE E) 0.0... ce eee .,- + 500 mW 

FOR T= +60 to +85 “G(PACKAGE TYPE E) ......... Derate Linearly at 12 mW/ C to 200 mW 

FOR Ta = = -55 to +100°C (PACKAGE TYPES D, F, K) Sea de he eo oe ewe me oe ee at .600 mw 

FOR Ta = +100 to +125°C (PACKAGE TYPES D,F,K) ..... Derate Linearly at 12 mW/ C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) i 0-2. ae aa-x 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS........0.... 2.0.2.0. eee eee nee —0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for 10s max. ..........0008. +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t, , t, = 20 ns, 
Cy = 15 pF, Ry = 200 kQ 


LIMITS 


TEST DF.KH 


CONDITIONS 


»F,K, E 


CHARACTERISTIC Packages 
CLOCKED OPERATION 


Propagation Delay Time; 
tPLH- tPHL 
To Os Output 


To Other Outputs 
Transition Time; 

tTH a2 tTLH 

To Os Output 

To Other Outputs 


Maximum Clock Input 
Frequency, fc. 


Min. Clock Pulse Width, 
tw 


Clock Rise & Fall Time; 


| 10 | — | 100] 170 | — | 100 | 250° 
Le ee Ley 
tCL, CL Tao [= [= Ps [= = 

Min. Data Input Set-Up | 5 | — | 175 | 500 | — | 175 | 700 | 
aah | 10 | — | 75 | 200 | - | 75 | 300° 

Average Input 

fewermnc | Ammen | Ls |=] | | | or 


Propagation Delay Time: 
tPLH: tPHL 


To Og Output 


To Other Outputs 


Min. Preset or Reset 
Pulse Width 
tw 

Min. Preset or Reset 
Removal Time 


* At PRESET ENABLE OR JAM Inputs. 
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AMBIENT TEMPERATURE (T,) = 25°C He tT 
TYPICAL TEMPERATURE COEFFICIENT FOR -++1+4 pera s 
oo VALUES OF Vop * 0.3% /°C x 


PROPAGATION DELAY TIME (tpyy) * tpi) — ne 


easeees 
10 20 30 4 ee) 60 70 80 
LOAD CAPACITANCE (C,) — pF 
92CS-17826 


Fig. 4 — Typical propagation delay time vs. 


load capacitance for decoded outputs. 


| AMBIENT TEMPERATURE (Ta)=25¢¢ HHH 
| TYPICAL TEMPERATURE FOR ALL ane 
600! VALUES ca Vop * 0.3%/°C 


os 


PROPAGATION DELAY TIME (toyi* tp, y)—n8 


LOAD CAPACITANCE (C,) — pF 
92CS-17827 


Fig. 5 — Typical propagation delay time vs. 
load capacitance for Os output. 


AMBIENT TEMPERATURE (Ta) ® 25°C : 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Vpp*0 3 %/°C 


g 


TRANSITION TIME (trai tyiy) — ns 


0 10 20 30 40 #50 60 70 80 


LOAD CAPACITANCE (C,)—pF 
92CS-17626 


Fig. 6 — Typical transition time vs. load 
capacitance for decoded outputs. 


y 
° 
fo} 


8 


Lee 


AH ce eagaasiaest? sccsssseeetiece 


3° 
° 


TRANSITION TIME (tr. * trun ns 


saaste eet 33 


se Et 


fe) 10 20 30 40 60 70 80° 
LOAD CAPACITANCE fn oF 


92CS-17B79RI 


Fig. 7 — Typical transition time vs. load 
capacitance for Q¢ output. 


RECOMMENDED OPERATING CONDITIONS at Tap = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 


DFA, A 


CHARACTERISTIC Packages 


Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 

Data Setup Time, ts 

Clock Pulse Width, ty 


Clock Input Frequency, fo, 


Clock Rise and Fall Time, tpCL, te¢CL 


Preset or Reset Pulse 
Width, tw 


Preset or Reset Removal Time 


Vo |Vin|Vop 
(v) [(v) | (v) 
Le 


Limit 
(5 | 5 | 03 | 5 | 300 | 60 | 06 | 60 | 700 | 


Quiescent Device 
Current 1, Max. [2 -| 10] 10 | 05 | 10 | 600 | 100 | 1 | 100 | 1400 | yA 


Output Voltage: BA 0 Typ.; 0.05 Max. 


Pe Typ 0.05 Mo 
VOL | — 10} 10 | 0 Typ.; 0.05 Max. ¥ 
High Level Sri 4.95 Min.; 5 Typ. 

VOH | — {| 0 | 10 | 9.95 Min.; 10 Typ. 


Noise Immunity. 1.5 Min.; 2.25 Typ. 


4.2 
Inputs Low, 
VNL Bats 3 Min.; 4.5 Typ. Vv 
Inputs High 08 |— | 5 | 1.5 Min.; 2.25 Typ. 


VNH 3 Min.; 4.5 Typ. 
Noise Margin: 

Inputs Low, 

VNML 

Inputs High, 

VNMH 
Output Drive 

Current: 


n-Channel 
(Sink) 


p-Channel 
(Source) 


Input Leakage 
Current, +10-5 Typ., +1 Max. 
lie. t}H Max. 


CD4018A Types 


AMBIENT TEMPERATURE (7, ) = 288°C LTT 
LOAD CAPACITANCE (C.)= i8 pr = ttt 


Seacaeceaasas se8 
a ’ 


i 
4 
3 
i 
§ 
J 


10 
SUPPLY VOLTS (Vpp) 


92CS-19667 
Fig. 8 — Typical maximum input clock 


frequency vs. supply voltage. 


LY 
2" —— 
— aa =~ LOAD CAPACITANCE (CL )*ISpF 


: 
z 
5 
: 
: 


10 10? 103 10° 
INPUT CLOCK FREQUENCY (f¢,)— kHz 92¢5-17829R1 


Fig. 9 — Typical dissipation characteristics 


Voo 
INPUTS OUTPUTS 
Yoo” YNH <_ 
"Nontes a 
4 - 
VNL 
NOTE 
Vss TEST ANY COMBINATION 
92CS-2 744) OF INPUTS 


Fig. 10 — Noise-immunity test circuit 


Test performed with 


| 

2 the following sequence 
: of ‘1's’ and ‘‘O's” at 

5 each switch. 
: S1 Sz S3 Sq Sg Sg S7 
. 0110000 
111001 41 
10101 1 1 
010010 0 
=- O02 7 0 2 48: 7 
9<cCS 179I13RI 1 0 0 1 1 1 re) 
0001000 
0000000 
1000100 
000001 0 
000000 0 


Fig. 11 — Quiescent-device-current test Circuit. 


INPUTS 
NOTE 
MEASURE INPUTS 

° (x) SEQUENTIALLY, 

Vss TO BOTH Vop AND Vgs: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss_ 

Vss 


92CS-27402 


Fig. 12 — Input-leakage-current test circuit. 
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CD4019A Types 
CMOS Quad AND/OR Select Gate 


The RCA-CD4019A types are comprised of 
four AND/OR select gate configurations, 
each consisting of two 2-input AND gates 
driving a single 2-input OR gate. Selection 
is accomplished by control bits Kg and Kp. 
In addition to selection of either channel A 
or channel B information, the control bits 
can be applied simultaneously to accomplish 
the logical A + B function. 


Vv 
These types are supplied in 16-lead hermetic ia 


dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


9$2CS-25036 


CD4019A 
FUNCTIONAL DIAGRAM 


MAXIMUM RATINGS, Absolu te-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tgig). 0. eee —65 to +150°C 
OPERATING- TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal): . 2... 2... —0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp) 


-~55 to +125°C 
~40 to +85°C 


o- S68 8 se ee ee 6 ee woe eo OS Ye Se ] ] ee ee He Ue Oe 


a a a Oc eS i a Te Te, aC i i a a ee re er i ce er (ee OT 2 ce Se 


FOR Ta = —40 to +60 C (PACKAGE TYPE EE) 6g. eee eee 500 mW 
FOR Ta = +60 to +85°C (PACKAGE TYPE E) ......... Derate Linearly at 12 mW/ C to 200 mW 
FOR Ty = -55 to +100°C (PACKAGE TYPES D,F,K) ........ 000s eee eens 500 mW 


FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/‘C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)....... 100 mW 
INPUT VOLTAGE RANGE, ALLINPUTS...............00005 5 eae —0.5 to Vp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for 10smax.........0000. +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
Operation is always within the following ranges: 


| LIMITS 


DF, KA NITS 
Packages beckon ¥ 


Supply-Voltage Range (For Ta = Full 
Package- Temperature Range) 
Yoo 


CHARACTERISTIC 


| 
Vss a 
* 


*ALL INPUTS ARE Bn 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


oe, 


Fig. 1 — Schematic diagram for 1 of 4 identical stages. 


= 


92SS-4417R1 
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Features: 
@ Medium-speed operation..... 
- tpHL = tpLpy = 50 ns (typ.) at C, = 15 pF, 
Vpp = 10 V 


® Quiescent current specified to 15 V 

@ Maximum input leakage current of 1 UA 
at 15 V (full package-temperature range) 

@ 1-V noise margin (full package-temper- 
ature range) 


Applications: 


AND-OR select gating 
Shift-right/shift-left registers 
True/complement selection 
AND/OR/Exclusive-OR selection 


‘0 40 60 70 eH 


° 10 30 
LOAD CAPACITANCE (CL) * pF 92¢8-I7e830 


Fig. 2 — Typical propagation delay time vs. 
load capacitance. 


AMBIENT TEMPERATURE (Ta) = 25°C ‘ 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL ° 
300| VALUES OF Von = 0.3% /°C 


+ 
+ 
+44 


boEaINE 


a Te 
Fee ere 
: 

eae 
ears 
aaa 
Y seas 


TRANSITION TIME (tri = tri) —ne 


gs Eee ee 


40 
Loao CAPACITANCE (C,)— pF 
92CS 1763) 
Fig. 3 — Typical transition time vs. load 
capacitance. 


AMBIENT TEMPERATURE (T,)*25 °C - 
LOAD CAPACITANCE (C, ) = IS pF 


a 
Hi oe 


ea 
oe. °%68.~“8 aon sas asceaseaes es 
Seaacee i teddions tts] 


2 
: 
5 
3 
: 
3 


ace co40 9D, CO 401 SAK TL 
BGS CAVF5CHSSRSROSE 
sistesatatatesassticass 


SUPPLY VOLTS teas wets inane 


Fig. 4 —Maximum propagation delay time vs. 
supply voltage. 


CD4019A Types 


STATIC ELECTRICAL CHARACTERISTCS 


Limits at Indicated Temperatures (°C) 


et NN 


POWER DISSIPATION (Pp) — wW 


Characteristic 


* ae 2 
je 
Ss 


>< 
So 
= = 
sz 
<o 
3 
< 
GS 
- | + 
mat, 
3. 
eh 
eA 
RO 
or 
3 
3 
Js 
7 oO 


Quiescent Device 


Vpp | #26. | 
(Vv) 
Current,|y_ Mert |0.05| 10 | 600 | } 0.2 | 
Lae ed 15 | 50. | 1 | 50 | 2000 | 5 
pride Feds |s 0 Typ.; 0.05 Max. sabes a ae (tg) — e 2 al 
ow- eve : 92CS-17832RI 
VOL }— |40 | 10 | O Typ.; 0.05 Max. V Fig. 5 — Typical dissipation characteristics. 
High Level rere 4.95 Min.; 5 Typ. (per output). 
VOH Oo | 10 3 9.95 Min.; 10 Typ. 
Noise Immunity: = 5 1.5 Min.; 2.25 Typ. 
inputs Low, : 
VNL 7.2 | - | 10 | sl be aL ' 
Inputs High 14] — | 5 | 1.5 Min.; 2.25 Typ. INPUTS 
VNH 2.8 | | 10 | 3 Min.; 4.5 Typ. Se 
Noise Margin: 45 | ra 1 Min. 
Inputs Low, ro | 
VNML 
Inputs High, 
VNMH 
Vss 


Output Drive 92C8- 27401 
Current: 
n-Channel 
(Sink) 


IpN Min. 


Fig. 6 — Quiescent-device-current test circuit. 


p-Channel 
(Source) : 
IpP Min. 


Input Leakage 
Current, 


lie WH 


Yoo 


INPUTS OUTPUTS 


Yoo” NH 
oe + 
° 
VAL ~ 


NOTE. 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 
Vpo OR Vss 


92CS- 27400 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input ty, tf = 20 ns, Cy = 15 pF, 
Ry = 200 kQ 


Fig. 7 — Noise-immunity test circuit. 


LIMITS 


TEST 
CHARACTERISTIC CONDITIONS 


Vop 
(Vv) 


Yoo 


i la INPUTS 
Propagation Delay men 


. Yoo 
Time; ps MEASURE INPUTS 
L - Vss TO BOTH Vpp ANO Ves: 
CONNECT ALL UNUSED 
iF; commer At 


Transition Time; Vo OF Vgs- 


tTHL,'tTLH Vss 


. 92CS$-27402 
All A and B 
Average Input Inputs Fig. 8 — Input-leakage-current test circuit. 
Capacitance, C, K dK 
an b 
Inputs 
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CD4020A Types 
CMOS 


14-Stage Ripple-Carry 
Binary Counter/Divider 


The RCA-CD4020 consists of a PULSE 
INPUT shaping circuit, RESET line driver 
circuitry, and 14 ripple-carry binary counter 
stages. Buffered outputs are externally avail- 
able from stages 1 and 4 through 14. The 


counter is reset to its all-zeroes state by a 
high level on the RESET inverter input line. 
Each counter stage is a static master-slave 
flip-flop. The counter is advanced one count 
on the negative-going transition of each 
INPUT PULSE. 


These types are supplied in 16-lead hermetic 
dual-in-iine ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packager 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T,,,) 

OPE RATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES DF Ki coco cd obo badecawuaevs chew sind oG0 5 Cad badiwaws —55 to +125°C 


—65 to +150°C 


PACKAGE TYPE Co oe cic tsnimavev or oth nbdodh poea eddie inde beh owa Gees —40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Voy) 
(Voltages referenced to Vee VMI, ose tnav ae boo cei dese shh nods kddswsaoiw xs —0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR T, = —40 to +60°C (PACKAGE TYPE E) sg... eee eee eee ee 500 mw 
FOR Ty, = +60 to 85°C (PACKAGE TYPE E) _............ Derate Linearly at 12 mW/°C to 200 mW 
FOR Ta = -55 to +100°C (PACKAGE TYPES D,F,K) ©... de, 500 mW 


FOR Tx, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ly = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES).... 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS ............... 000.000 ce eee ee eee. —0.5 to Vop +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


eae Derate Linearly at 12 mW/°C to 200 mW 


+265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 
D, F, K, H 
Packages 


CHARACTERISTIC 


I 


Package 


Supply-Voltage Range (For T, = Full 
Package- Temperature Range) 


a 
aki 
NO 


Input Pulse Width, ty 


e 
io) 


Reset Pulse Width, ty 


oy or on 


MASTER 
SECTION 


Yoo 
ALL INPUTS ARE ri 
PROTECTED BY Vss 


COS/MOS PROTEC TION 
NETWORK 


wk 
: 
: m 


PULSES 


14STAGE 
RIPPLE 
COUNTER 


12 BUFFERED OUTPUTS 


Yss 92CS-25063R2 


CD4020 
FUNCTIONAL DIAGRAM 


Features: 


Medium speed operation... 

7 MHz (typ.) at Vpp-Vss = 10 V 

Low output impedance 

Common reset 

Fully static operation 

Quiescent current specified to 15 V 
Maximum input leakage current of 1 UA 

at 15 V (full package-temperature range) 
1-V noise margin (full package-temperature 
range) 


Applications: 


Frequency-dividing circuits 
Time-delay circuits 
Counter control 

Counting functions 


INPUTS TO 
2nd STAGE 


a 
Q our *(O, GR) 


ie 


@ R= HIGH DOMINATES (RESETS ALL STAGES) 


4 ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT 
PULSE. COUNTER ADVANCES ONE BINARY COUNT ON EACH 


92CM-I60I7TR2 
Fig. 1—Logic diagram for 1 of 14 binary stages. 


NEGATIVE ¢@ TRANSITION (16,364 TOTAL BINARY COUNTS). 
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Yoo 
alt IMPUTS ARE 
PROTECTED BY 
COS/ MOS PROTEC TION 
NETWORK 


a ae! 
; = | m ww | 
‘ Sod yd ors 


act Shaces 


NOTE SUBSTRATES FOR ALL p” UNITS ARE CONNECTED TO Voo 
SUBSTRATES FOR ALL “#” UNITS, UNLESS OTHERWISE SHOWN, ARE CONNECTED TO GROUND 
* SUBSTRATES FOR THESE "n” UNITS ARE CONNECTED TO RESET LINE 


Peay 


Fig. 2 — Schematic diagram of pulse shapers and 1 of 14 binary stages. 


O2C mw - 16Q1eR2 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Quiescent 
Device 
Current, 
I Max. 


Voltage: 
Low-Level, 0 Typ.; 0.05 Max. 
VOL 0 Typ.; 0.05 Max. 


High tee [= [0 | 8 | 485 Mins Typ 
a 7 


Noise 
Immunity: 
Inputs Low, 


VNL 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


Noise 
Margin: 
Inputs Low, 
VNML 


1 Min. 


0.075 lchche ke 


Fl Ke dial ali 


Output 
Drive Cur- 
rent: 
N-Channel 
(Sink), 
IDN Min. 
P-Channel 
(Source) 
IpP Min. 

Input 
Leakage 
Current, 


Nee YH 


[0-018] “08 Fore [-0:2 


+19-9 Typ., +1 Max. 


V 


mA 
as | — | s | -011|-029| -0.09|-0.085} -0.09|-0.25|~008 0.05 
[ed ot BS Pieced ae 


CD4020A Types 


AMBIENT TEMPERATURE (7,) © 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip = - 0.3% /°C 
faceenecea(seeceneece secensseseesesesssessesee 


HHH GATE - TO- SOURCE VOLTS (Vgg) #15 1 
gees | 


ORAM -TO - SOURCE VOLTS (Vog) 
92CS-17613 


Fig. 3—Typical output n-channel drain charac- 
teristics. 


aa 
ptr CERAMIC PACKA 
se ee 


RAIN MELLIAMPERES (Ip) 


egeeroot Jaga eneeeeeen 
~- BSR RERESTAHET SERRE STAD 
5 


DRAIN-TO-SOURCE VOLTS (Vp) 
92CS-17862 


Fig. 4—Minimum output n-channel drain charac- 
teristics. 


DRAIN-TO-SOURCE VOLTS (Vpg) 


ORAIN MILLIAMPERES (Ip) 


AMBIENT TEMPERATURE (T,)=25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR In = -0.3%/°C 


92C3-17814 


Fig. 5—Typica/ output p-channel drain charac- 
teristics. 


DRAIN-TO- SOURCE VOLTS (Vpg ) 
ce) 8 


HH ScSScceeesucs 
a@eaRze2enen sscccceogcone 
SGARA DEAT BELA ASHARVBHOTOSSRAGAE TERM PAROBeTAD 

AMBIENT TEMPERATURE (Tq) © 25°C as 


TYPICAL TEMPERATURE COEFFICIENT FOR In *-0.3%/%C [1 


S2Cs- 17885 


Fig. 6—Minimum output p-channel drain charac- 
teristics. 
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CD4020A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,,t, = 20 ns, 
Cy= 15 pF, Ry 200 k22 HH ALL VALUES OF Voo + 


LIMITS 


TEST D, F, K, H E 
CONDITIONS Packages Package 


Felon fa 
(V) Typ. Typ. 


Pun MO | = [| 28] | 8 | 2 | 
'PLH: TPHL 


Transition Time, 
eee 


CHARACTERISTIC UNITS 


Ciocked Operation = 
epee siti ty 


ene Sesaesececcoeseecceocaaesa 
sescescaassocauseescsasecssssceseses 


Propagation Delay 


r-) » 40 
LOAD CAPACITANCE ten . 


e2cs -17015 


Fig. 7—Typical propagation delay time vs. C,. 


AMBIENT TEMPERATURE (Tg) © 28°C Saas 


TYPICAL TEMPERATURE paaigeadd asses 4 


Minimum Input Pulse | 5 | — | 200 | 335 | — | 200 | 500 | 
Width, ty P10 [ - | 70 | 125] — | 70 | 165 | 


Input Pulse Rise & 


a a 
Average Input hes hah F 
Capacitance, C, a : 

[Reset Operation 


Reset Operation 
laa | 5s | — |2000| 3000} — | 2000] 3600 
Time, * 2000 | 3000 | 2000 | 3500 
a Pe [= [ae | = [a | 07 
| |s | — | 1800 | 2500 | — | 1800 | 3000 
‘a Melt Bi ell Sl aad 
tw 


Minimum Reset Pulse 
7 Propagation delay is from input pulse to Q, output. 


G8 hGeenane 
sscsssssees 


2 
La 
xz 
a 
- 
~ 
. 
z 
- 
= 
$ 
‘= 
: 
H 
| 4 
- 


ggaeen 
r) 0 2 © 4 #+%506 6 ~~~ 8 
LOAD CAPACITANCE (CL) — pF 


92CS-17816 


Fig. 8—Typical transition time vs. C, . 


Z 18 seousceccescceceucesauccesags <4 Voo 
2 | 
4 
$ 2 v 
= a INPUTS 
3 ° 
4 é 
E 3 
% Z 
Z Fi 
re 3 
Fa S 
z g LOAD CAPACITANCE (C; )*ISpF 
}——==—C,° 
Vss 
SUPPLY VOLTS (Yop) INPUT FREQUENCY (fg) —Hz BES/eTsOs 
92CS-19865Ri 92CS-i78I7 
Fig. 9—Typical clock input frequency vs. Vpp- Fig. 10—Typical dissipation characteristics. Fig. 11—Quiescent-device-current test circuit. 
V 
io) 
Yoo 
INPUTS OUTPUTS INPUTS 
Yoo" YN Voo NOTE: 


~~ : One MEASURE INPUTS 
ae Y, Ps SEQUENTIALLY, 
= Ss TO BOTH Voo AND Vgs: 
CONNECT ALL UNUSED 


sane, INPUTS TO EITHER 
vee TEST ANY COMBINATION Voo OR Vss_ 
OF INPUTS Vss 
92CS-2 7441 92CS-27402 
Fig. 12—Noise-immunity test circuit. Fig. 13—Input-leak age-current test circuit. 
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CD4021A Types 
CMOS 8-Stage Static Shift Register a 


(2345678 


Asynchronous Parallel Input/Serial Output, 
Synchronous Serial Input/Serial Output 


Features: 
The RCA-CD4021A types are 8-stage paral- ® Asynchronous parallel or synchronous serial operation 5% 
lel or serial-input/serial-output shift registers under control of parallel/serial control-input a 
having common CLOCK and PARALLEL/ ® Individual JAM inputs to each register stage a 
SERIAL CONTROL inputs, a single SER- = Master-slave flip-flop register stages a 
1AL DATA input, and individual parallel ® Fully static operation...... DC to 5 MHz 
Jam inputs to each register stage. Each regis- ® Quiescent current specified to 15 V 
ter stage is a D-type, master-slave flip-flop. = Maximum input leakage current of 1 uA vs 


Q outputs are available from the sixth, at 15 V (full package-temperature range) Sener 


FUNCTIONAL DIAGRAM 


seventh, and eighth stages. ® 1-V noise margin (full package-temper- 

When the PARALLEL/SERIAL CONTROL mire range) tional CD4021A packages. 

input is low, data are serially shifted into When the PARALLEL/SERIAL CONTROL 

the 8-stage register synchronously with the input is high, data are jammed into the 8- These types are supplied in 16-lead hermetic 
positive-going transition of the CLOCK stage register via the parallel input lines asyn- dual-in-line ceramic packages (D and F 
pulse. chronously with the clock line. suffixes), 16-lead dual-in-line plastic pack- 


age (E suffix), 16-lead ceramic flat package 


Register expansion is possible using addi- ; 
(K suffix), and in chip form (H suffix). 


STATIC ELECTRICAL CHARACTERISTICS ae 
Applications: 


LIMITS AT INDICATED TEMPERATURES (°C) ® Parallel to serial data conversion 
CONDITIONS ® Asynchronous parallel input/serial output 
data queueing 
® General purpose register 


CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) «25°C --: 
LOAD CAPACITANCE (C, )*= ISpFo 
TET 


Quiescent Device 
Current ri Max. 


eee 


l ao 
H Hi tee etoade L tee 
HH HH +++? ae thee 
+ +te tee : beer 
see Lt ttt +r ‘aa ++ 


i 
1 
Output Voltage: 0 Typ.: 0.05 Max. 3 "HA HE H eile tiate et) 
Low-Level, > Hi Haitistitis! 
Vv 0 Typ.; 0.05 Max. z “oH ttiesdetethih) 
de as sesusersseseetes 
. ‘. id 3H ra 
High Level 4.95 Min.; 5 typ. » Sea REE RE Be S: 
y 2 sunagengeessyeaganes 
OH 9.95 Min.; 10 Typ. : SOBRaSGS eas eRR2—RaaEseaRe 
sca : Sssdiisasisetosiiited 
Noise Immunity; 1.5 Min.; 2.25 Typ. a seatstaseasstees HH 
inoue Low asescececcesesesseet 
p F Seeseccceecs 
SESSRR FaRER je 
VAL 5 10 15 20 


SUPPLY VOLTS(Vpp) 
92CS-19867 


Inputs High 
VNH 


3 Min.; 4.5 Typ. 


Fig. 1 — Typical clock input frequency vs. 
supply voltage. 


Noise Margin: 
Inputs Low, 


VNML 
Inputs High, 
VNMH 


Output Drive 
Current: 
N-Channel 
(Sink), 


IDN Min. 


AMBIENT TEMPERATURE (Ta) © 25 °C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Vpp)*0.35%/°C 


{ Hy 
HTT 


\N 00 err tt aoe 


ha 
ots 
+ a ie : oe 
ait + qurrt eed hii} HH 
ESR RA eer Tor URE LE 
tt ttt Leer ryt 8660 060 ae 
aeeeg ahd ae : 
+++ ba 
+++ 


. 
i co 2 o44y 


REST 
+ 


SGGG8) 906088 


P-Channel 
(Source) 


IDP Min. 


a ed 


ie aoe r 
Be 8aa00ee---- aa 
ath HET 
¢ oe ¢ + 
theoe teeee 
Buln Beeieacccccass 


ie) 10 20 30 40 50 60 70 80 
LOAD CAPACITANCE (C,) — pF 


++4++ 
+ 
+ 
+ 
pe 
+ 
ae 
Rage 
. 
i] 
++ 
ba 
oe 
e 
oe 
10e 
eee 
eee 
Soa 


PROPAGATION DELAY TIME (tpy*tpiy)— ne 


=< 
sie [sis bist ai -fe} ist te ppp get 
= < 
pe et yt Pelel ale ee ee 
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Current, 


92C$-17607 


+ 9-5 Typ: # 1 Max: Fig. 2— Typical propagation delay time vs. 
load capacitance. 
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CD4021A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) BA RT Eg NL can we GS va Wel OL Gee wea, ww we -65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ta) 
PACKAGE TYPES DO. E.R A i866 6 46 bee AS eC LE Aw OE ORS eee 65 to +125°C 
PREKAGETYVS. © x4 dd bd Ras 04 SER ONGOTOEMAT eRe SG -40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal) .. 0... 0.0... eee eee ee eee 0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp) 
FOR Ta = -40 to +60°C (PACKAGE TYPE E) 
FOR Ta = +60 to +85°C (PACKAGE TYPE E) 
FOR Ta = -55 to +100°C (PACKAGE TYPES D,F,K) «6.11. eee eee eee eee eee 500 mW 
FOR Tx, = +100 to +125°C (PACKAGE TYPES D, F, K) . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


eee eee eee ce ee eS eee eee 500 mW 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mW 
INPUT VOLTAGE RANGE,ALLINPUTS ........... 0.00 eee eee eae -0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. ...........00. +265°C 
PaRALet trey PI-2 PL-3 PI-4 PI-5 PI-6 PI-7 - 


CONTROL 


9* 


SERIAL 
INPUT 


4 STAGES | 
SAME AS STAGE | | 


CLOCK 


Vop = TERMINAL 16 
Vss ? TERMINAL 8 


ALL LOGIC INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 


Vv 92CM-17141R3 
NETWORK ss 


Fig. 5 — Logic diagram. 


TRANSITION TIME (try * C7, y)— ne 


POWER DISSIPATION/PACKAGE (Pp) — ,.W 


g| ALL VALUES OF Yoo" QO. 3% / 


AMBIENT TEMPERATURE (T,) = 25°C HH 
TYPICAL TEMPERATURE COEFFICIENT FOR as 


gE ii 


saci] : 

eese = ea a 

10 20 30 40 50 60 70 80 
LOAD CAPACITANCE (C,) — oF 


92CS- 17808 


Fig. 3 — Typical transition time vs. 
load capacitance. 


AMBIENT TEMPERATURE (Ta)#25°C 
ALTERNATING “O" 
ANO “|” PATTERN 


===. 
Zmntinnmeniieemiil 
20 ee Ss ee a ee 


= Se gn re mney ney 


10 10 10 
INPUT CLOCK FREQUENCY (fc,) — kHz 
92CS-17806R3 


Fig. 4 — Typical dissipation 
characteristics. 


RECOMMENDED OPERATING CONDITIONS at 7,4 = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


TRUTH TABLE 


Parallel/ 
Serial 
Control 


CHARACTERISTIC 


Supply-Voltage Range (For Ta=Full 
Package-T emperature Range) 


4=LEVEL CHANGE X =DON’T CARE CASE 


NO CHANGE 92CS-17141R3 Data Setup Time, ts 


Fig. 6 — Truth table. 


Clock Pulse Width, tw 


Clock Input Frequency, fcoL 


Clock Rise and Fall Time, trCL, t¢CL 


operation is always within the following ranges: 


“If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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DYNAMIC ELECTRICAL CHARACTERISTICS 
at Tq = 25°C, Input tr, tf = 20 ns, Ch = 15 pF, Ry = 200k 


TEST 
CONDITIONS 


CHARACTERISTIC 


Propagation Delay 
Time,** 
tPLH, tPHL 


Transition Time; 
tTHL. tTLH 


Maximum Clock Input 
Frequency, fcL 


Minimum Clock Pulse 
Width, ty 


Clock Rise & Fall 
Time; trCL & t¢CL* 


Minimum Data Set 
Up Time, ts 


Minimum High-Level 
Parallel/Serial 
Control Pulse 
Width tw 


Input Capacitance C| 


Any Input ey 


CD4021A Types 


Yoo 
INPUTS OuTPUTS 
Yoo" Ynw 
oe + 
° 
VNNL ~ 
NOTE 
Vss TEST ANY COM@INATION 
OF INPUTS 
9203-27441 


Fig. 7 — Noise-immunity test circuit. 


Test performed with the following sequence 
of ‘One’s” and ‘‘Zero’s”’. 


S; Sq S3 S4 S5 


92CS 17920R! 


Fig. 8 — Quiescent device current test circuit. 


*If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 


and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


**Erom Clock or Parallel/Serial Control Input 


* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Vss 


Fig. 10 — One typical stage and its equivalent detailed circuit. 


INPUTS 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vop AND Ves: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vs 


9205-27402 


Fig. 9 — Input-leakage-current 
test circuit. 


BUFFEREO 
OUTPUT 


92CM-I7139R4 
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CD4022A Types 


CMOS Divide-By-8 
Counter/Divider 


With 8 Decoded Outputs 


The RCA~CD4022A types consist of a 4- 
stage divide-by-8 Johnson counter, associ- 
ate decode output gating and a CARRY- 
OUT BIT. The counter is cleared to its zero 
count by a high RESET signal. The counter 
is advanced on the positive CLOCK-signal 
transition provided the CLOCK INHIBIT 
signal is low. 

Use of the Johnson divide-by-8 counter 
configuration permits high-speed operation, 
2-input decode gating, and spike-free de- 
coder outputs. Anti-lock gating is provided, 
thus assuring proper counting sequence. The 
8 decode gating outputs are normally low 


and go high only at their respective decoded 
time slot. Each decode gate output remains 
high for one full clock cycle. The CARRY- 
OUT signal completes one cycle every 8 
CLOCK-INPUT cycles and is used as a 
ripple-carry signal to directly clock a suc- 
ceeding counter package in a multi-package 
counting system. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 

(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Abso/lute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tgeg). . . . - 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 


POWER DISSIPATION PER PACKAGE (Pp) 
FOR T,a= —40 to +60°C (PACKAGE TYPE E) 
FOR T,= +60 to +85°C (PACKAGE TYPE E) 


beh ba whoa eee ec anend eur ~40 to +85°C 


oe 8 © © © © ee ee 


7 ie ee we + ee ew eo & oe eS 


ce bap aee a eee oe ee ons ~65 to +150°C 


‘eeieennuws —55 to +125°C 


ae ee ee ee —0.5to +15 V 


PORT, =<95 10 #100°C (PACKAGE TYPES DOLE, 4K) occas wee Gg pe edhe ee Poe eae 500 mw 

FOR T, = +100 to +125°C (PACKAGE TYPES D,F,K) _._ Derate Linearly at 12 mW/‘C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mw 
INPUT VOLTAGE RANGE, ALLINPUTS............000 00000 cu eeee -0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): | 

At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for 10smax............0-.. +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Reset Removal Time 
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CLOCK 
INHIBIT is 
RESET 


DECODED OUT. 


digit 
i 
_ 
“5 
by 
a 
igi 
a 


VSS 92c5-25073R! 


CD4022A 
FUNCTIONAL DIAGRAM 


Features: 


Medium speed operation .. . . 5 MHz (typ.) at 
Vop — Vss = 10 V 

Divide by N counting; N = 2 to 8 with one 

CD4022A plus one CD4001A package 


Quiescent current specified to 15 V 
Maximum input leakage current of 1 UA 
at 15 V (full package-temperature range) 
1-V noise margin (full package-temper- 
ature range) 


Applications: 


Binary counting/decoding 
Binary frequency division 
Binary counter control/timers 


CD4022A Types 


CLOCK [| 
*« al "oO" re) 0 r) 
CLOCK :_) ed On OL 
INHIBIT “" an lm rT 
%'S a" 2 \ [31 
eee ees f 5 Ree a ee | Sea eens 
RESET | mq" 5 3 
* 15 


ia dad 7 F 
CARRY 
OUT 

TERMINAL No.I6=Vop s 92SS -4457R2 
TERMINAL No. 8*GND 

OW O1 O 5 Fig. 2 — Timing diagram. 

be’ bal had *6" 

Vo 
4 AMBIENT TEMPERATURE (Tg) = 25°C 
@ TYPICAL TEMPERATURE COEFFICIENT FOR 
Vss 


*ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 


Fig. 1 — Logic diagram. 
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gastrin, gsantetivooe 
TT sp : 
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+ Ht + 

4 4 a 
a agecess 
co aceon 


sass 


PROPAGATION DELAY TIME (toy * top y)— 98 


LOAD CAPACITANCE (C,)— pF 
92CS- 1706 


Fig. 3 — Typical propagation delay time vs. 
STATIC ELECTRICAL CHARACTERISTICS load capacitance for decoded outputs. 


Limits at Indicated Temperatures (°C) 
DAK HPackages [ & Package 


AMBIENT TEMPERATURE (Ta) = 25°C 4 
TYPICAL TEMPERATURE COEFFICIENT FOR? 
ALL VALUES OF Vop * 0 3% /*C 


Quiescent Device 
Current I, Max. 


Output Voltage: 
Low Level 
VOL 
High Level 
VOH 
Noise Immunity: 
inputs Low, 
VNL 
Inputs High 
VNH 
Noise Margin: 
Inputs Low, 


ace 

| 16 | 

rs] orps0.0smm 
ee sane 
| 10 | 

ry 


4.96 Min.; 5 Typ. 
1.5 Min.; 2.25 Typ. 
Vv 


20 60 
LOAD CAPACITANCE (C,)— pF eece-iieie 


<< 
sbhpep bbls 


Fig. 4 — Typical propagation delay time vs. 
load capacitance for carry output. 


9.95 Min.; 10 Typ. 
3 Min.; 4.5 Typ. 
1.5 Min.; 2.25 Typ. 


HE] AManENT TEMPERATURE (74) © 25°C 


Inputs High, 


Current: 
n-Channel 
(Sink) 

ION Min. 


a 
| 
-~ 
=z 
=) 
- 
~ 
e 
# 
Ly 
KL 
— 
§ 
H 


«” 
LOAD CAPACITANCE (C,)— pF 92¢8-17820 


Current, +10-5 Typ., +1 Max. 


Nice NH 


Fig. 5 — Typical transition time vs. load 
capacitance for decoded outputs. 
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CD4022A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input tp, t= 20 ns, 


TEST 
CHARACTERISTIC 


CONDITIONS 


C, = 15 pF, R, = 200 kQ 
LIMITS 


DF 6A E 
Packages Package UNITS 


VDD 


CLOCKED OPERATION 
Propagation Delay Time: 


Fe SH Line 


Decode Out Lines 


als 8a | [8 || [a 8 i> [> [Sse a (8 als 


Transition Time: 


tTHL. tTLH 
Carry-Out Line 


Decode-Out Lines 


Min. Clock 
Pulse Width, tw 


Clock Rise and 
Fall Time, 


trCL » t€CL 
Min. Clock Inhibit 
Set-Up Time, 
ts 
Max. Clock Input 
Frequency, fc,“ 


Input Capacitance, Cy Any Input 


RESET OPERATION 
Propagation Delay Time: 


tPHL.tPLH 
Carry-Out Line 


Decode-Out Line 
Min. Reset Pulse 
Width, tw 
Min. Reset 
Removal Time 


* Measured with respect to carry output line 


Yoo 
Voo 
INPUTS 
° 
Vss 
Vss 


92CS- 2740) 


Fig. 9 — Quiescent-device-current test circuit. 
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Voo 
INPUTS OuTPUTS 
Yoo” YnH 
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° - 
VAL 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS$-2 7441 


Fig. 10 — Noise-immunity test circuit. 
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Fig. 6 — Typical transition time vs. load 
capacitance for carry output. 
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Fig. 7 — Typical clock input frequency vs. 
supply voltage. 
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Fig. 8 — Typical dissipation characteristics. 


Voo 


INPUTS 
Yoo NOTE 
wer) MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vss- 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vgs- 
92CS$-27402 


Fig. 11 — Input-leakage-current test circuit. 
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CMOS 7-Stage Binary Counter 


With Buffered Reset 


CD4024A Types 


Vo? input Pe : 
The RCA-CD4024A consists of an INPUT = 5 
PULSE shaping circuit, RESET line driver oll olf ol asl ce "8/9 
circuitry, and seven binary counter stages. peal geil geallgeall pel et a ed 
The counter is reset to “’zero’’ by a high level oe oe ee Qs : 
on the RESET input. Each counter stage is a Yoo TERMINAL, Naie %O Woo Qe}" 
Static master-slave flip-flop. The counter TERMINEL, Skt TO: Vas 

. . RESET 92¢5-19074R1 Q7 
state is advanced one count on the negative- _ * ALL INPUTS ARE 
going transition of each INPUT PULSE. COS/ MOS PROTECTION 
NETWORK perenne vss 

These types are supplied in 14-lead hermetic Fig. 1 — Functional diagram for CD4024AD, = 
dual-in-line ceramic packages (D and F Vss AE, AF, 


suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 12-lead hermetic TO-5-style 
package (T suffix) 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Qo Q 


F/F-2 


Q3 
F/F-3 


Applications: | 
@ Frequency-dividing circuits 

@ Time-delay circuits 

@ Counter control 

® D/A counter and switch on one chip 


RESET 


%* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
~65 to +150°C 


Pe a ee ee Te ee eS ee, ee a, 


STORAGE-TEMPERATURE RANGE (Ts¢q) 
OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES (D, F, K, T, H) -55 to +125°C 


a) Se ey Seo Mabe ee Sa Ne ee | Ow) ew Ge ww Oe 


PACKAGE TYPE Eck cw evdcesduwedenvesesGarenunduddarde ve’ ~40 to +85°C 
OC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal): 2... ee —0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp) 

FOR Ta= —40 to +60°C (PACKAGE TYPE E) «0... ee 500 mW 


FOR T= +60 to +85°C (PACKAGE TYPE E) | 

FOR Ta = -55 to +100°C (PACKAGE TYPES D, F, K,T) 5 

FOR Ta = +100 to +125°C (PACKAGE TYPES D,F,K,T).. . .Derate,Linearly at 12 mW/ C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 
INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for 10 s max 


a ee ee Tae, eS 


ee ae ee ee eS 


Ome Soe Se eS Se Pe er BEE. See ee a 


RECOMMENDED OPERATING CONDITIONS at Ta, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges. 


LIMITS 
CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 


Clock Pulse Width, tw 


Clock Input Frequency, fo, 
Clock Rise or Fall Time, t-CL, teCL 


Reset Pulse Width, tw 


4 Q5 6 Q7 
ii F/F-4 || F/F-5 il F/F-6 fi F/F-7 
Coa 


TERMINAL No. 2 TO Vop 
TERMINAL No.I2 TO VS§ 


Fig. 2 — Functional diagram 
for CD4024AT. 


92CS-19075R! 


92Cs - 25052 


Features: 


@ Medium-speed operation .... 

.. 7-MHz (typ.) input pulse rate at 

Vop - Vss =10V 

Low high-and-low level output impedance 
.. 7002 and 50022 (typ.), respectively at 
Vpp - Vss =10V 

Fully static operation 

Common reset 

Quiescent current specified to 15 V 
Maximum input leakage current of 1 UA 
at 15 V (full package-temperature range) 
1-V noise margin (full package-temper- 
ature range) 


S8esgEae°~~..c888 
ese0°-.688e8 
—éi 


ORAIN MILLIAMPERES (Ip) 


GR SS2SFSSe PORCRSSSRERORERAeDeaSeeD 
588888 E698 CORR SORES STATS STeSeseeeS 
CEO EEE EEC EECECr 
° 5 10 i} 
ORAIN-TO- SOURCE VOLTS (Vos) 
92CS-17809 


Fig. 3 — Typical output n-channel drain 
characteristics. 
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CD4024A Types 


STATIC ELECTRICAL CHARACTERISTICS 


ORAIN-TO- SOURCE VOLTS os) 


ORAIN MILLIAMPERES (Ip) 


SHSSSeestssssscesatasastseetze 


AMBIENT TEMPERATURE (T,)© 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip *-0.3%/°C 


Output Voltage: 0 Typ.; 0.05 Max. 
Low-Level, 


VOL 10 | 0 Typ.; 0.05 Max. 92C$ -17934 
High Level, 4.95 Min.; 5 Typ. Fig. 4 — Typical output p-channel drain 
9.95 Min.; 10 Typ. characteristics. 


enti fefefef seam 


VNU po | - {10 | 3 Min.: 4.5 Typ, 
InputsHigh, |0.8|-— | 5 | 1.5 Min.; 2.25 Typ. 


AMBIENT TEMPERATURE (Tg) * 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip*-O3%/*C fF 


75 sesceseessseee ssceucsecusseecsscens anes 


VNH | 1 | — | 10) 3 Min.; 4.5 Typ. ; aie taseeees HH 
Noise Margin: = 4 HA 
Inputs Low, H 
VNML A a eee 
Inputs High, 3 ce Sorce tite 
VNMH 3? a 
er 
wukput Drive r C04024A0,CO4024AK 
Current: 3 ébacsaAE em 
Pe ad a NE VOLTS Vos ) sieeneatann 
ink), 
InN Mj Fig. 5 — Minimum output n-channel drain 
G ie characteristics. 
p-Channel 
(Source) ORAIN-TO- SOURCE VOLTS (Vpg) 


beal:) -10 -5 ° 


C04024A0,CO40244K ———— 
CD40244E — eee — 


IpDP Min. 


Input Leakage Any Input er 
Current, — |- | 15 +10—5 Typ.; +1 Max. scazs 


3 
No. YH 
& 
- 
c 
> 
g 
a 
a 
a 
esses [I " 
e Seccceseesssuccaceacecr cca sd 
PUT H Secceseueeenee ccsesseeees SSSR Rn8 7 

PULSE se CHSRCTHCOSSORLSSTODEGKBeAe cosceuscene 

2) AMBIENT TEMPERATURE (Ta )= 25°C 
’ TYPICAL TEMPERATURE COEFFICIENT FOR Ip *-0.3%/°C 


MASTER 
SECTION 


INPUTS TO 
2nd STAGE 92CS-19079R1 


Fig. 6 — Minimum output p-channel drain 
characteristics. 


me AMBIENT TEMPERATURE (T,)= 25 °C 


QS R) # TYPICAL TEMPERATURE COEFFICIENT 
| 300) FOR ALL VALUES OF Voy © 0.3 %/°C 
© R= HIGH DOMINATES (RESETS ALL STAGES) z sussusesteees 
* ACTION OCCURS Om é eek eee ‘ : 
CGT ated Was Co eae sy i 
¥ o - 
EQUATIONS FOR STAGES 2 T07 > 
4 a 4 | 
Q2our = (O2NQ)eVR) Qsout = (Q5XQ)XQ2NQ3) (Q4Xe 1(R) ; 
= 4 4 - 
Q3our = (03xQ)KQ2Ke)(R) Qgour = (6)(Q)XQ2NKQ3KQ4KOsKeXR) ; 
e _ - z 3 
Qsout = (04XQ1)(Q2NQ3Ke(R) —A7QUT = (Q7KQ}KQ2KQ3KQgKOsKO_NeXR) 
Fig. 7 — Logic block diagram (pulse shaper cele ee et rT 
and 7 binary stage). Fig. 8 — Typical propagation delay time vs. C,. 
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CD4024A Types 
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92CS$-2 7441 


Fig. 13 — Noise-immunity test circuit. 


TO BOTH Vop AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


MEASURE INPUTS 
Vop OR Vss 


SEQUENTIALTY, 


NOTE 


92C5- 27402 


Yoo 


Vss 


INPUTS 
Fig. 14 — Input-leakage-current test circuit. 
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Fig. 12 — Quiescent-device-current test 


circuit. 


CD4026A, CD4033A Types 


CMOS Decade Counters/Dividers 


With Decoded 7-Segment Display Outputs and: 


Display Enable — CD4026A 
Ripple Blanking — CD4033A 


The RCA—CD4026A and CD4033A each 
consist of a 5-stage Johnson decade counter 
and an output decoder which converts 
the Johnson code to a 7-segment decoded 
output for driving each stage in a numerical 
display. 

These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
important. 

Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CARRY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi- 
tional inputs and outputs for the CD4026A 
include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED “'C- 
SEGMENT” outputs. Signals peculiar to the 
CD4033 are RIPPLE-BLANKING INPUT 
and LAMP TEST INPUT and a RIPPLE- 
BLANKING OUTPUT. 

A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transistion if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK IN- 
HIBIT signal is high. The CLOCK INHIBIT 
signal can be used as a negative-edge clock 
if the clock line is held high. Antilock gating 
is provided on the Johnson counter, thus 
assuring proper counting sequence. The CAR- 
RY-OUT ‘(Coyt) signal completes one cycle 
every ten CLOCK INPUT cycles and is used 
to clock the succeeding decade: directly in a 
multi-decade counting chain. 

The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 
segment display device used for representing 
the decimal numbers 0 to 9. The 7-segment 
outputs go high on selection in the 
CD4033A; in the CD4026A theses outputs 
go high only when the DISPLAY ENABLE 
IN is high. 


CD4026A 


When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low re- 
gardless of the state of the counter. Acti- 
vation of the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display-character multiplexing. 

The CARRY OUT and UNGATED"C-SEG- 
MENT” signals are not gated by the DIS- 
PLAY ENABLE and therefore are available 
continuously. This feature is a requirement 
in implementation of certain divider func- 
tions such as divide-by-60 and divide-by-12. 


CD4033A 


The CD4033A has provisions for automatic 
blanking of the non-significant zeros in a 
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multi-digit decimal number which results in 
an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.07000 in an eight digit display 
would be displayed as 50.07. Zero suppres- 
sion on the integer side is obtained by con- 
necting the RBI terminal of the CD4033A 
associated with the most significant digit in 
the display to a low-level voltage and con- 
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033A in the 
next-lower significant position in the dis- 
play. This procedure is continued for each 
succeeding CD4033A on the integer side of 
the display. 

On the fraction side of the display the RBI 
of the CD4033A associated with the least 
significant bit is connected to a low level 
voltage and the RBO of that CD4033A is 
connected to the RBI terminal of the 
CD4033A in the next more-significant-bit 
position. Again, this procedure is continued 
for all CD4033A'’s on the fraction side of the 
display. 

In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to a high level voltage(instead of to the 
RBO of the next more-significant-stage). 
For Example: optional zero > 0.7346. 
Ctrkewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of 
the CD4033A associated with it to a high- 
level voltage. 

Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 

The CD4033A has a LAMP TEST input 
which, when connected to a high-level volt- 
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 


CLOCK 


CLOCK 
INHIBIT 


7? DECODED OuTPUTS 


OISPLAY LAMP 


OISPLAY 
ENABLE TEST 
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ENABLE 
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14 
UNGATED “Cc” 

SEGMENT RIPPLE 
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CD4033A 
FUNCTIONAL DIAGRAMS 


Features: 


@ Counter and 7-segment decoding in one package 
@ Easily interfaced with 7-segment display types 
@ Fully static counter operation: DC to 2.5 MHz 


(typ.) 
® Ideal for low-power displays 
®@ Display Enable Output (CD4026A) 
® “Ripple Blanking’ and Lamp Test (CD4033A) 
w 
2 


Quiescent current specified to 15 V 
Maximum input leakage current of 
1 UA at 15 V (full package-temperature 
range) 

@ 1-V noise margin (full package-temper- 
ature range) 


Applications: 


™ Decade counting/7-segment decimal 
display 

@ Frequency division/7-segment decimal 
displays 

® Clock/watches/timers 
(e.g. + 60, + 60, + 12 counter/display) 

® Counter/display driver for meter 
applications 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tetg). .. . 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 


POWER DISSIPATION PER PACKAGE (Pp) 
FOR Ta= —40 to +60°C (PACKAGE TYPE E) 
FOR T= +60 to +85°C (PACKAGE TYPE E) 


or 6 a ae ee ee ee, 


bee meee ees pene ee enuse —65 to +150°C 


ns aoa ea ca abn eeeee bes —55 to +125°C 
sg ep ee us os Ge ae sw ow ~—40 to +85°C 


Oe bee She eee TS -e we Se —0.5to +15 V 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K) ..... 0.0. cece eeeeeeceeeeeeeeueueceeaes 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) ....... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mw 


INPUT VOLTAGE RANGE, ALLINPUTS....... 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 1/32 inch (1.59 0.79 mm) from case for 10s max. .......0000e eae +265 C 


7 DECODED OUTPUTS 


COUT 
| > QO 


ui rere lee 72 


Pies SI b 


mice 
>> DP | F 
i UNGATED “Cc” 
> 3 id 
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CD4026A, CD4033A Types 


COUNT 

Cy 

RESET 
CLOCK 
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DISPLAY 
ENABLE IN 
DISPLAY 
ENABLE OUT 
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* a > uy 
CLOCK >). <r aE 1 Hoe 
%* CLOCK ; ‘ 
INHIBIT 2 | pp SS }——f>-f>“o CARRY OUT 
15 oe 1 UNGATED 
% RESET = I >“0 g c" SEG. 
DISPLAY o2c8-190cane 
ENABLE O——— —f>— NA DISPLAY 
IN 16 Vv q ENABLE Fig. 2 — CD4026A timing diagram. 
Yoo° , DD te OUT 
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Fig. 4 - CD4033A timing diagram. 
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Fig. 3 — CD4033A logic diagram. 
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Fig. § — Minimum and typical output p-channel 
decoded drain characteristics @ Vpp=3.5 
&S5V. 
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Fig. 6 — Minimum and typical output p-channel 
decoded drain characteristics @ Vpp=10 
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Fig. 8 - Typical propagation delay time vs. 
Cy for decoded outputs. 


Fig. 7 ~ Typical output p-channel decoded 
drain characteristics as a function 
of temperature. 
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CD4026A, CD4033A Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 


VDD | D.F.K,H E UNITS 
(Vv) Packages Package 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 


Clock Inhibit 

Setup Time, ts 
Clock Pulse Width, ty a 
Clock Input Frequency, fo, ER 


Clock Rise or Fall Time, t,CL, teCL 
Reset Pulse Width, tw 
Reset Removal Time 


<< 
Blalsassissiele |e] || | bpd fp ties 


Quiescent Device 
Current |, Max. 


Output Voltage: 
Low-Level, 
VOL 

High Level, 

VOH 


0 Typ.; 0.05 Max. 


cs 
| 10 
rs 
10, 0 Typ.; 0.05 Max. 
zz 
rf 


4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 


Inputs Low, 
VNL 
Inputs High, 
VNH 
Noise Margin: 
Inputs Low, 


3 Min.; 4.5 Typ. 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


Inputs High, 


Current 
n-Channel 
(Sink), 

IDN Min. 
p-Channel 
(Source), 
IpP 
Min. 


Input Leakage Any Inpu 
Current, _ _ 
Ne. WH 


AMBIENT TEMPERATURE (T,)=25°¢ HT 
| TYPICAL TEMPERATURE FOR ALL 
| e 
00) VALUES OF Voo * 0.3%/%C easceer—aa 
rea ttditti ds tt ee 
eee 


SS SEOSSOTHSARSESS SASS STRESS” ORE RSS 

SESS SSCRC TSCA RRAGRERHESe a 

oe eusesgpeces> 
wee | et 


ek? 


300 


os eeneseeceuce 
SSeees cnsecucecscaggace 
200 eaesssecuscacucsad.jene 
Succusaussscsesssssas -_. 
s Sanseeees>-—.caggeae 
eeeseees=°-..cesssee ae 
| eeee*--.senssseesuease=_. 
<-se88000R885">~-_. 
aaeeeo-- PerrtitT rit iit itt ttr ey 


100 


PROPAGATION DELAY TIME (tpu.* tp. y)—As 


Sesccsesccsecseses 
oo 
G0S80SBS00 28RSGRDEDeasaR0 
Seeeeeecenseesecauaeseses 
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LOAD CAPACITANCE (C,) — pF 
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Fig. 9 — Typical propagation delay time vs. 
C.. for carry outputs. 
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Fig. 10 — Typical transition time vs. Cy for 
decoded outputs. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input ty, te= 20 ns,C, = 15 pF, 


TEST 


CONDITIONS 
CHARACTERISTIC 


CLOCKED OPERATION 


Propagation Delay Time; 
tPLH. tPHL 
Carry Out Line 


Decode Out Lines 


Transition Time; 


tTHL’ tTTLH 
Carry Out Line 


Decode Out Lines 


Maximum Clock Input 
Frequency, fc, 


Min. Clock Pulse Width, 
tw 


Clock Rise & Fall Time; 
trCL, t¢CL 


Min. Clock Inhibit Set 
Up Time, ts 


Average Input 
Capacitance, C; 


RESET OPERATION 


Propagation Delay Time: 
tPLH. tPHL 
To Carry Out Line 


Any Input 


4 Measured with respect to carry out line. 


INPUTS OUTPUTS 
oo” “NH 
Ny . 
° co 
VAL we 
NOTE: 


New TEST ANY COMBINATION 
OF INPUTS 


92CS-2744! 
Fig. 14 — Noise immunity test circuit. 
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Fig. 15 — Quiescent-device-current test circuit. 


CD4026A, CD4033A Types 
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Fig. 11 — Typical transition time vs. Cy. for 
carry output. 
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Fig. 16 — Input-leakage-current test circuit. 
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CD4027A Types 


CMOS Dual J-K Master-Slave Flip-Flop 


The RCA-CD4027A is a single monolithic 
chip integrated circuit containing two iden- 
tical complementary-symmetry J-K master- 
slave flip-flops. Each flip-flop has provisions 
for individual J, K, Set, Reset, and Clock in- 
put signals. Buffered Q and Q signals are 
provided as outputs. This input-output ar- 
rangement provides for compatible opera- 
tion with the RCA-CD4013A dual D-type 
flip-flop. 


The CD4027A is useful in performing con- 
trol, register, and toggle functions. Logic 
levels present at the J and K inputs along 
with internal self-steering control the state 
of each flip-flop; changes in the flip-flop 
state are synchronous with the positive-going 
transition of the clock pulse. Set and reset 
functions are independent of the clock and 
are initiated when a high level signal is pres- 
ent at either the Set or Reset input. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T 
OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES DFR «cao cue ae «8 


stg 


Cr rr ee, a a ee ee es (J a Te a ee ee 


-65 to +150°C 


-55 to +125°C 


PRCKAGE TYPED 2c pu vhs bb See SOLE ORCL OE 8 eH Ee -40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal): . 2... ee ee -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp): 

FOR Tp = -40 to +60°C (PACKAGE TYPE E) 6 ww ee ee ees 500 mW 


FOR Ta, = +60 to +85°C (PACKAGE TYPE E}) 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) . «0. -- +0. e eee e eee eect t eee ete tenes 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D, F,. K) ccscencs Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ty, = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)...... 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS. ..66 06636 ees Boe O86 He we w Os -0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. ..........02- +265°C 


92CS-17187RIi 


CD4027A 
FUNCTIONAL DIAGRAM 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

@ Set-Reset capability 

® Static flip-flop operation—retains state 
indefinitely with clock level either 
“high” or “low” 

™ Medium-speed operation—10 MHz (typ.) 


clock toggle rate at 10V 

@ Quiescent current specified to 15 V 

m Maximum input leakage of 1 wA at 15 V 
(full package-temperature range) 


RECOMMENDED OPERATING CONDITIONS at Ta= 25°C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 

operation is always within the following ranges. 

® 1-V noise margin (full package-tempera- 
ture range) 

Applications 

® Registers, counters, control circuits 


CHARACTERISTIC D, F, K, H 


PACKAGES 


Supply-Voltage Range (For T, = Full 
Package- Temperature Range) 


Data Setup Time, ts 


Clock Pulse Width, tw 


G 
: 
$ 
< 
Z 
2 
z 
< 
& 


Clock Input Frequency (Toggle 
Mode) fo, 


ORAIN — TO — SOURCE VOLTS (Vos) 
92CS- 17800 


Clock Rise or Fall Time, tCL,” teCL 


Fig. 1 — Typical n-channel drain characteristics. 


Set or Reset Pulse Width, tw 


“If more than one unit is cascaded in a parallel clocked operation, tCL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage 
for the estimated capacitive load. 
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CD4027A Types 


DRAIN — TQ ~ SOURCE VOLTS Vos) 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


CONDITIONS |b Fk, H PACKAGES 
HARACTERISTICS UNITS 
iv) |v) | iv) Typ. [uit] rye. [uimit| 


te. | 20| a0 200 
Current, re Max. 
} 1000 | 250 | 2.5] 250] 2500 | AMBIENT TEMPERATURE (Tq) © 25°C 


a 68 2 
MA oon sass eaessens Sanit: HH 
eee 
aan 
; TYPICAL TEMPERATURE COEFFICIENT FOR Ip* -0.3 %:7 °C GoD 
Output Voltage: Jesp sy O Typ.: 0.05 Max a oan 

Low Level, 
e ov . 
4. in. V 


TTT te 
‘2 eo 
(97) S3a30nVITIW NIVEG 


a 
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Vou 


Noise Immunity: 
Inputs Low, 


Fig. 3 — Bd lc p-channel drain 
aracteristics. 


2.25 Typ.; 1.5 Min. 
4.5 Typ.; 3 Min. 


La 2.25 Typ.; 1.5 Min. 


AMBIENT TEMPERATURE (Tg) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR scl -0.3% /°C 


VNU 


Inputs High ett ttt ttt eueseees 

AGATE - TO - SOURCE VOLTS coe ISH 

Seecueaseasesesesssssscasesccs 
rt ase sPessaiegs ineeseeen se 


VNH 


4.5 Typ.; 3 Min. 


Noise Margin: 
Inputs Low, 


VNML 
Inputs High, 


ORAIN MILLIAMPERES (Ip) 


VNMH 


bd + 
Output Drive ' “Jucuesse HH aeeaae 
Current: 0 25. «5 75 10 25 15 
N Channel 0.35 | 0.35 0.3 | 0.24 SEPM OE IO gg asi 
(Sink), ; 0.75 | 0.72 — 0.6 | 0.5 Fig. 4 — Minimum n-channel drain 


tn yy yt an 
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Fig. 5 — Minimum p-channel drain 
characteristics. 
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CD4027A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
at T, = 25C, Input t,, t= 20ns,C, = 15 pF, Ry = 200kQ 


LIMITS 


Vop D, F, K, H UNITS 
PACKAGES BRAG 


rv. woe wa 


200 | 400 150 400 as 
100 | 200 75 150 
Set to Qor Reset to Q, 


175 | 225 175; 350 
= fio ||| ol = | | 
Set to O or Reset to Q, 175 | 225 175 
oe Haeeseeo 
Transition Time 75 | 125 75 | 250 
ae HE Ee 


Maximum Clock Input 


CHARACTERISTIC 


Propagation Delay 
Time: Clock to Q 
or OQ Outputs 


tPHL. tPLH 


Frequency (Toggle 
Mode)fc L 


Minimum Clock Pulse 330 _ 
Width , ty 


Minimum Set or 
Reset Pulse Width, 


Clock Rise or Fall 
me Fret er 


Average Input 
Capacitance, C, 


Yoo 
INPUTS OuTPUTS 
Yoo Ynn 
ia eee : 
° =~ 
VANL . 
NOTE 
TEST ANY ONE INPUT, YSS 
WITH OTHER IMPUTS AT 92C$ 27400 
Voo OR Vss 
Yoo 
Fig. 10 — Noise immunity test circuit. v 
INPUTS 
° 
Yoo Vss 
INPUTS 
Yoo NOTE 
MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vo ANO Ves: 
CONNECT ALL UNUSED 
PUTS TO EITHER 
Voo OR Vss- Vss 
Vss 92C8- 2740) 
92CS$-27402 


Fig. 11 — Input leakage current test circuit. 
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Fig. 12 — Quiescent device current test circuit. 


AMBIENT TEMPERATURE (Ta)=25°C HH 
TYPICAL TEMPERATURE COEFFICIENT FOR ase 
e 


ALL VALUES OF Vop* a “Cc 
SQRSRGTRAR 58058 
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TRANSITION TIME (ty HL * tTLH)—NA8 


SeSas Coane PaeeE eas 
10 20 » «0 50 6 70 60 90 6=— 00 


LOAD CAPACITANCE (C_)— pF 
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Fig.7 — Typical transition time vs. Ci. 
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MAXIMUM CLOCK FREQUENCY (fc  MAX)— MHz 


SUPPLY VOLTS (Vpo) 92¢8-19095 


Fig.8 — Typical maximum clock input frequency 
vs. supply voltage. 
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Fig.9 — Typical dissipation characteristics. 


VoD 0.1 pF 
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Fig. 13—Dynamic power dissipation test 


circuit. 


CMOS 


BCD-to-Decimal Decoder 


The RCA-CD4028A types are BCD-to- 
decimal or binary-to-octal decoders consist- 
ing of pulse-shaping circuits on all 4 inputs, 
decoding-logic gates, and 10 output buffers. 
A BCD code applied to the four inputs, A to 
D, results in a high level at the selected one 
of 10 decimal decoded outputs. Similarly, a 
3-bit binary code applied to inputs A 
through C is decoded in octal code at output 
0 to 7. A high-level signal at the D input 
inhibits octal decoding and causes outputs 


0 through 7 to go low. If unused, the D 
input must be connected to VSss. High drive 
capability is provided at all outputs to en- 
hance dc and dynamic performance in high 
fan-out applications. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Toto) 

OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages references to Vsg Terminal) ....... 


POWER DISSIPATION PER PACKAGE (Pp): 
FOR Ta = -40 to +60°C (PACKAGE TYPE E) 
FOR Ta = +60 to +85°C (PACKAGE TYPE E) 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta, = +100 to +125°C (PACKAGE TYPES D,F, K) . . 


6 © © © e © we 


sera eG eed. ia gacu ee ae a -65 to +150°C 


Se aides 4 ne) Snare ae macs aC ar aos -§5 to +125°C 
eee peeoeeteeseeuraanus -40 to +85°C 


bar ws aco Oe eh ae 4 cer Oran ee we 0.5 to +15 V 


oS ie We ew, & SOS ee is Wea Gace ss 500 mW 


0 & OR HS Re Rw a a, ww 500 mW 


Derate Linearly at 12 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. ..........200- 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta=Full 
Package-T emperature Range) 


AMBIENT TEMPERATURE (Ta) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT roar 
ALL VALUES OF vcs: - 0.3% /°C 


x» SSRFTTHSATASARSTASTTASGERSEBEBA 
Seccusecccccesesceccccsccacasas 
aa aae s saeae 


ORAIN MILLIAMPERES (Ip) 


5 10 is 
ORAIN- TO- SOURCE VOLTS (Vpp) 


92CS-'909B8R! 


Fig. 1 — Typical output n-channel drain 
characteristics. 


D, F, K, H 
PACKAGES 


AMBIENT TEMPERATURE ( Tal? 25°C 
TYPICAL TEMPERATURF COEFFICIENT 
FOR ALL VALUES OF vgs: -0 3 %/°C 
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Fig. 2 — Typical output p-channel drain 
characteristics. 


CD4028A Types 


BUFFERED 
OCTaAL 


3-6IT 
BINARY 
INPUTS 


OuTPUTS 
(1 OF 10) 


92CS- 19131 


CD4028A 
FUNCTIONAL DIAGRAM 


Features: 


BCD-to-decimal decoding or binary-to-octal 
decoding 


High decoded output drive capability. . . 
. 8 mA (typ.) sink or source 
“Positive logic’ inputs and outputs. . . 
. decoded outputs go high on selection 
Medium-speed operation... 
. tTHL, tTLH = 30 ns (typ.) @ Vpp = 10 V © 


Quiescent current specified to 15 V 
Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range) 
1-V noise margin (full package-temper- 
ature range) 


Applications: 


Code conversion 

Address decoding—memory selection 
control 

Indicator-tube decoder 
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92CS-19100 
Fig. 3 — Typical propagation delay time 
vs. Cl. 
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CD4028A Types 


3 an 
Pe iP Ao TABLE | — TRUTH TABLE 
14 pcBaAloO123456789 
re = 0000i1000000000 
3 0001/0100000000 
" > 1> Oz 0010\0010000000 
so : 0011/0001000000 
| 
ee ae 0100/0000100000]\ x 
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66 01101/0000001000 
>——> Os 011110000000100 
1000\/0000000010 
ot eee een 1001/0000000001 
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i 1011/0000000001 
a ae 1100/0000000010 
00 ; 11°1l0000000001\|({ ** 
B >—__>——o7 1110]/0000000010 
1111]/0000000001 
s 
- a> O8 % WHERE | = HIGH LEVEL 
0 = LOW LEVEL 
ALL INPUTS ARE ; 5 
PROTECTED BY = >>> Os % % EXTRAORDINARY 
COS/ MOS PROTECTION mates 
NETWORK 92CM-17291R2 
Vss AMBIENT TEMPERATURE (Tg) * 25°C 
Fig. 4 — Logic diagram. sol toe oak TEL asco ee 
1 s' 1 
STATIC ELECTRICAL CHARACTERISTICS siti ee 3 s is JER 
4 


CHARACTERISTIC 


snnitiedis teil feet | 700 ns 
Current.i Max. | - | -| 10 | 10 | 1 | 10 [600] 100 | 10 | 100 [1400] ua Fig. 5 — Typical transition time vs. CL. 
Output Voltage: }-| 5] 5 0 Typ.; 0. 05 Max. 
Low-Level, ” 
vol pepe Tye 008 Me 
High Level =| o| 5 | PFO MING BTR: 
VOH } - | of 10 | 9.95 Min.; 10 Typ. 
Noise Immunity: 15 Min.: 2.25 Typ. 
Inputs Low, 


1.5 Min.; 2.25 T 
Inputs High piadasasscsadaassssasassatasasaasats sistctesss 
VNH 3 Min.; 4.5 Typ. SUPPLY VOLTS(Vpp) 


Noise Margin: 
Inputs Low 


VNML 
Inputs High, eet ate 


VNMH 
Output Drive 
Current 
N-Channel 
(Sink), 


~IDN Min. 

gee RE 

(Source), 

IOP Min tt fas atlantis 


Input Leakage Any Input 


Current, — | —]| 18 +1075 Typ., +1 Max. 
Ne. WH 


Seses>-sees oss seri THU 
see c ee ees sscscescenss 
Sest.cs essesess seseecces H Ss 
ie) sesee ascececceceucuccecsescoucsee 
20 40 i) 60 


100 120 = 140 60 
LOAD CAPACITANCE (C, ) — pF 


SHCROSRTCE BES 
sha hp ‘sauces AMBIENT TEMPERATURE ( Ta)*25°C 
L{ LOAD CAPACITANCE (C, )*15 pF 


92CS-19102A1 


Fig. 6 — Maximum propagation delay time vs. 
VDD. 
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Fig. 7 — Dissipation vs. input frequency. 
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DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA = 25°C, Input ty, te = 20 ns, Cy = 15 pF, Ry = 200kQ 


CHARACTERISTIC 


Propagation Delay 
Time; 
tPLH, tPHL 


Transition Time; 
tTTHL. tTLH 


Average Input 
Capacitance, C; 


INPUTS 


CD4028A 


OF 2 3S: 8) 6. FBG 


, eee eee Se 


—— 
16 OUTPUTS 


LIMITS 


D, F, K, H UNITS 
PACKAGES 

win. | Tye. | Max. | an. TP as 

Te ffelel fell 

rt rat ett are * 


The circuit shown in Fig. 9 converts any 4- 
bit code to a decimal or hexadecimal code. 
Table 2 shows a number of codes and the 
decimal or hexadecimal number in these 
codes which must be applied to the input 
terminals of the CD4028A to select a partic- 
ular output. For example: in order to get a 
high on output No. 8 the input must be 
either an 8 expressed in 4-Bit Binary code, a 
15 expressed in 4-Bit Gray code, or a 5 ex- 
pressed in Excess-3 code. 


TEST 
CONDITIONS 


1/46 CO40698 


CO4028A 
o!12345678 9 


8 9 10 I) 12 13 14 15 
ee 


92CS-17293R2 


Fig. 8 — Code conversion circuit. 
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CD4028A Types 


Vr 


1 OF 10 
NUMERALS 


CD4028A 


O-NWwWEYUAANDW OO 


4 (Trademark) Burroughs Corp. 9258 -17295RI 


TUBE REQUIREMENTS 


Vy vac | maT 


TRANSISTOR CHARACTERISTICS 


Leakage with transistor cutoff < 0 05mA 
ViBRICEO 2 70V 


Fig. 9 — Neon readout (Nixie Tube“) 


display application. 
Yoo 
v 
INPUTS 
° 
Vss 
Vss 


g2Cs- 2740) 


Fig. 10 — Quiescent-device-current 
test circuit. 
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INPUTS OuTPUTS 


Yoo” ‘nH 


VNL : - 


NOTE 
TEST ANY COMBINATION 
OF INPUTS 


92Cs -2744) 


Fig. 11 — Noise-immunity test circuit. 


INPUTS 
Yoo NOTE 
a One MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vop AND Ves: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vss 


92C5-27402 


Fig. 12 — Input-leakage-current test circuit. 
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CD4029A Types 


CMOS Presettable Up/Down Counter 


Binary or BCD-Decade 


The RCA-CD4029A consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes. The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK INHI- 
BIT), BINARY/DECADE, UP/DOWN, PRE- 
SET ENABLE, and four individual JAM sig- 
nals and a CARRY OUT signal are provided 
as outputs. 


A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A low on each JAM line, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count. The counter is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE- 
SET ENABLE signals are low. Advancement 
is inhibited when the CARRY-IN or PRESET 
ENABLE signals are high. The CARRY -OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimum count in the 
DOWN mode provided the CARRY-IN sig- 
nal is low. The CARRY-IN signal in the high 
state can thus be considered a CLOCK 
INHIBIT. The CARRY-IN terminal must be 
connected to Vss when not in use. 


Binary counting is accomplished when the 
BINARY /DECADE input is high; the counter 
counts in the decade mode when the BI- 
NARY/DECADE input is low. The counter 
counts Up when the UP/DOWN INPUT is 
high, and Down when the UP/DOWN INPUT 


Features: 
= Medium speed operation . . . 5 MHz (typ.) 
@ C, =15 pF and Vpp—Vss=10 V 


@ Multi-package parallel clocking for synchronous 
high speed output response or ripple clocking 


for slow clock input rise and fall times 


= “Preset Enable” and individual ‘Jam’ inputs provided 


= Binary or decade up/down counting 
= BCD outputs in decade mode 


= Quiescent current specified to 15 V 

= Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range) 

= 1-V noise margin (full package- 
temperature range) 


Applications: 
= Programmable binary and decade 


counting/frequency synthesizers-BCD output 


® Analog to digital and digital to 
analog conversion 

Up/Down binary counting 
Magnitude and sign generation 
Up/Down decade counting 
Difference counting 


is low. Multiple packages can be connected 
in either a parallel-clocking or a ripple- 
clocking arrangement. 


Parallel clocking provides synchronous con- 
trol and hence faster response from all 
counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


RECOMMENDED OPERATING CONDITIONS at Ta=25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For T q=Full 
Package- Temperature Range) 


Setup Time, tc* 


Clock Pulse Width, tw 


LIMITS 


D, F, K,H E 
Vpp Packages Package 


"From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. 


**1f more than one unit is cascaded in the parallel clocked application, tCk should be made 
less than or equal to the sum of the fixed propagation delay at 15 pF and the transition 
time of the carry output driving stage for the estimated capacitive load. 
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CD4029A 
Functional Diagram 


T AMBIENT TEMPERATURE (Tq)+ 25°C a 
| TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES 532 


Eee eee nae 
eee 


PROPAGATION DELAY TIME (tpy. * tpi) —as 


40 60 60 
LOAD CAPACITANCE (C,) — pF 


92CS-19108 


Fig. 1— Typical propagation delay time vs. 
Cy for Q outputs. 
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TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES -343++ 
OF Vop "03 %/°C se 
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Fig. 2— Typical propagation delay time vs. 
Cy for carry output. 
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Fig. 3— Typical transition time vs. Cy 
for Q outputs. 


ee a ee ee ee eee 
CD4029A Types 


AMBIENT TEMPERATURE (Ta) #29 °C Hh 
TYPICAL TEMPERATURE COEFFICIENT HH 
FOR ALL VALUES OF Vop°0.3 %/C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE Fal natn iosusesstniwasrssdenaunpsesendas 65 to +150°C : 
OPERATING-TEMPERATURE RANGE (Tq): 1 

PACKAGE TYPES D, F,K,H oe e cee eee eves eveeersees 55 to +125°C 2 

PRCGAGE TYPE © 26 sgn kvadi oneness anwenede esas Ganee dee benhsss bead ss 40 to +85°C Z 
DC SUPPLY-VOLTAGE RANGE, (Vpp) = 

Woltages teferenced to Veo Terminal) cescsss0s steureveeeseseswees ideas teens -0.5 to +15 V 2 
POWER DISSIPATION PER PACKAGE (P)): 8 

FOR Tg=—40 to 460°C (PACKAGE TYPE BE) cicsagicanasinndcenyewstiswrdwenes 500 mW H 

FOR T,=+60 to +85°C (PACKAGE TYPE E) .......... Derate Linearly at 12 mW/°C to 200 mw F 

For 1, = 95 to 100°C (PACKAGE TYPES D, F, Kyi cssecsasssnccdsnesnatienscaverancnaess 500 mW , 

For T, = +100 to +125°C (PACKAGE TYPES D,F,K) ........ Derate Linearly at 12 mW/°C to 200 mW as abten ce ‘eenae 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: Meuiiee 

FOR T ,»=FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES).......... 100 mW Fig. 4—Typical transition time vs. Cy 
INPUT VOLTAGE RANGE, ALLINPUTS ..........0 0000000 cece cence. 0.5 to Vpp 10.5 V for carry output. 
LEAD TEMPERATURE (DURING SOLDERING): | 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. ...........0-0. +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=25°C, Input t,,t¢=20 ns, 
C,=15 pF, Ry =200 kQ2 


::|coaoz9ao, Hit 

ag eeeeenin 
TEST 

CONDITIONS|, F,K,H 


Packages 


CHARACTERISTIC 


HE ee 


~ 
x 
= 
I 
* 
< 
2 
a 
= 
> 
vy 
z 
w 
3 
& 
S 
=x 
3 
a 
Vv 
x 
< 
z 


Clocked Operation 
- - SUPPLY VOLTS (Vp) 
Propagation Delay Time: 92¢s-19109 
tpHL. tPpLH Fig. §- Maxinvuin clock input frequency 


OQ Outputs 
Carry Output 


Transition Time: 


VS. Vp D- 


Voo 


INPUTS 


tTHL 'TLH 
Q Outputs 


=) 
nv 


= - 
0 ‘ : 
N 


Carry Output 


Minimum Clock Pulse 
Width, ty 


Clock Rise & Fall Time, 
TCL, t7CL*” 


Vss 
92C$- 27401 


Box 


Fig. 6 — Quiescent-device-current 
test circuit. 


Minimum Setup Times, 
ts* 


Voo 
i lock In 
Maximum Cloc put INPUTS OUTPUTS 
Frequency, fo, Yoo" “wn 
Input Capacitance, C, os =< 
VAL a 
Preset Enable = 
Propagation Delay Time: 
NOTE: 
TEST ANY ONE INPUT, YSS 
tPHL: 'PLH WITH OTHER INPUTS AT 92¢8- 27400 
Q Outputs Vpo OR Vss- 
Fig. 7— Noise-immunity test circuit. 
Yoo 
INPUTS 
Yoo 
a Oxe 
Vss 
Carry input NOTE 
: : MEASURE INPUTS 
Propagation Delay Time: SEQUENTIALLY, J 
é t TO BOTH Voo AND Vss: $s 
PHL: 'PLH CONNECT ALL UNUSED 
Carry Output ae 92cs- 27402 


For footnotes, see Recommended Operating Conditions. 
Fig. 8— Input-leakage-current test circuit. 
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CD4029A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (°C) 
D, F, K, H Packages E Package Units 


le) 
= ] oe Tt ror 
' 10 10° 10° 10° 
INPUT CLOCK FREQUENCY (fo, ) — kHz 
92CS-17829R: 
le LS Fig. 9— Typical dissipation characteristics. 
0 Typ.; 0:05 Max. 
V 
4.95 Min.; 5 Typ. i Se ae 
9.95 Min.; 10 Typ. | 
— "UP/DOWN" 
| Yoo | 
3 Min.; 4.5 Typ. "CLOCK DOWN’ 
V “ ” 
1.5 Min.; 2.25 Typ. | | CLOCK 
3 Min.; 4.5 Typ. | ! 


| CO4S0IIA 


108 [AMBIENT TEMPERATURE (Ta)«25°C } 
INPUT t, 21,720 n8 


Characteristic 


Quiescent 
Device 
Current, 
re Max. 


i} [gé 
s < 
EG 


—_ 


POWER DISSIPATION/ PACKAGE (Pp) — »W 


a, 


>< 
0 


Output 
Voltage: 
Low-Level, 
VOL 
High-Level, 
VOH 

Noise 

Immunity : 

Inputs Low, | 4.2 

VAL 

Inputs High, 

VNH 


ers 
Noise 
Margin: 
Inputs Low, | 4.5 
nah 


VNML 
Inputs High, 0.5 | — | 
1 


VNMH 


sad < mais? mamas Seema: ” agp 92CS-I7I95RI 
Fig. 10—Conversion of clock up, clock down 


input signals to clock and up/down 
input signals. 


1 Min. 
1 Min. 
1 Min. 
1 Min. 


a 
o 
Cc 
> 
oO 
Nm 
z 
é 
4 
2 
> 
2 
o 
o 
> 
= 
| = 


Output 
rics Cur: The CD4029A CLOCK and UP/DOWN inputs 
aa are used directly in most applications. In 
5 Ch applications where CLOCK UP and CLOCK 
hopin DOWN inputs are provided, conversion to 
Sink), IpN the CD4029A CLOCK and UP/DOWN inputs 
Min. can easily be realized by use of the circuit 
Q Outputs Joc ies 2 0.5 0.28 0.24 0.2 shown below. 
(0.5 | - | 10 | 0.74 1.2 atk 0.36 0.24 CD4029A changes count on positive transi- 
Carry Out. [0.5] — | 5 | 0.1 | 0.16| 0.08 | 0.06 | 0.05 | 0.16 | 0.04 | 0.03 tions of CLOCK UP or CLOCK DOWN 
put 0.5 | — | 10 | 04 | 0.64 | 0.32 | 0.22 | 0.19 | 0.64 ; 0.16 | 0.13 ak inputs. For the gate configuration shown 
P.Channel below, when counting up the CLOCK DOWN 
(Source) input must be maintained high and conversely 
IAP MG when counting down the CLOCK UP input 
ane must be maintained high. 
Aiba: 5 | —0.18} —0.24|-0.12|—0.08 | —0.07 | —0.24 —0.05 
‘ [= [10 | -0.3[ -0.4] -0.2|-0.14 [-0.14 | 0.4] -0.1|-0.08 LL ctocnfre el fe [a 
Carry Out. [45 | - | 8 |-0.09| -0.12/-0.06]-0.04 | -0.04 | -0.12 | -0.03]-0.02 fea]. 2 pfelefete 
a_| | ryt fx Q 
put (9.5 | - | 10 |-015{ -0.2} -0.1 —0.2 | -0.05]-0.04 | 9 oL tet tte 
Input Any Input i J te ffs @ NC 
a 15 10-5 Typ., 41M A eye)" ieee 
Current, ~ ~~ as ¥Pu = ax. M NC -NO CHANGE TE -TOGGLE ENABLE 
Hoe YH crock] re Pe v 
BiNARY/ 4041 ie * : : 7 
4 Yoo eae eae oie ] x [xfofr 
1 4 = atte 
ie 7 A ae eo Xx 
ft 


X-DON'T CARE 


| | [ contro. [osc | ian 
V vss | — | INPUT LEVEL aad 
| z —. a aa ee = 
Rude euacumeen wee a ; l ; mn AL BIN/DEC ' BINARY COUNT 
aoe en car | | | J iDeN ae (B/D) fe) DECADE COUNT 
is & eae | “ (ina RS Aaa an ia = ~ 
oo PROTECTION Pe - : DedTE Qo — " UP/DOWN | \ UP COUNT 
: - oe 4 1 > - (U/D) O DOWN COUNT 
8 ; | ane i iN = 
| { PRESET ENABLE JAM IN 
| (PE) Oo | NO JAM 
- + + ———o — ae 
| NO COUNTER 


ADVANCE AT POS 
Caney iIntexs CLOCK TRANSITION 


(CLOCK INHIBIT) (0) ADVANCE COUNTER 


AT POS CLOCK 
| TRANSITION 


i. 46 


o re) 
» TRUTH TABLE FOR F-F Nol me TRUTH TABLE FOR F-F S 2,3,4 


Fig. 11—Logic diagram. 
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CMOS 
Quad Exclusive-OR Gate 


The RCA-CD4030A types consist of four in- 
dependent Exciusive-OR gates integrated on 
a single monolithic silicon chip. Each Ex- 
clusive-OR gate consists of four n-channel and 
four p-channel enhancement-type transistors. 
All inputs and outputs are protected against 
electrostatic effects. 


These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values 
STORAGE TEMPERATURE RANGE (Tot ) 


OPERATING TEMPERATURE RANGE (T a) 
PACKAGE TYPES D, F, K, H 


- 65 to +150°C 


ey 


— 55 to +125°C 


eee eee we meme em eer eee eee eer ore eee reer eeeeeeeeeeeeeene 


PAIS FUP: yenkierchonl4seesepedscstenaetens ceanueeieuienetnnvecoosess4 — 40 to +85°C 
DC SUPPLY VOLTAGE RANGE (Vip) 

(Voltages referenced to Vag Terminal 20.0... . cece cece cree eect reece eee encneeeeees -0.5 to +15V 
POWER DISSIPATION PER PACKAGE (Pp) 

FOR T, = -40 to +60°C (PACKAGE TYPE E) ......0scecccsseseccessersssevesesseseseenes 500 mW 

FOR T 4 = +60 to #85°C (PACKAGE TYPE &) 205 s.serevenvs Derate Linearly at 12 mW°/C to 200 mW 

FOR Tg = -55 to +100°C (PACKAGE TYPES D, F,K) ........ccccevecesccrcceceenceneecs 500 mW 


FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T, = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 
INPUT VOLTAGE RANGE ALLAINPUTS .0c oi cyccbr ia cae snndondgeeosguaneseeues« 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10s max. 


oreee 


ee ee 


5 ysviyaievaxine whe ote ne otae esis +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 


0 
Packages 


CHARACTERISTIC 


Supply Voltage Range (For Ta = Full 
Package Temperature Range) 


* ALL INPUTS ARE 
PROTECTED BY 
Coss wed PROTECTION 


NETWO 
Yoo 
2/5,9,!2 
levee) 
2 
* 
Vss 
TRUTH TABLE FOR ONE OF teen) 
FOUR IDENTICAL GATES e 
ae 


ALL P- CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTED TO Vop 
ALL N- CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTED TO Voc 


C) v 


92C5 -19112 
WHERE *'1 


"= HIGH LEVEL 
“O" = LOW LEVEL 


Fig.1 — Schematic diagram for 1 of 4 identical exclusive-OR gates. 


For quiscent device current, noise immunity, and input leakage current test circuits see “Rating and 
Characteristics” at the beginning of the CMOS section. 


CD4030A Types 


J*A®MB L=E@F 
K=C@DO M:G@H 


92CS-17410RI 


FUNCTIONAL DIAGRAM 


Features: 


& Medium speed operation. . . 


-TPHL = tPLH = 40 ns (typ.) @ C, = 15 pF 
and Vpp-—Vss = 10 V 


= Low output impedance. . . 
500 {2 (typ.) @ Vpp—Vss = 10 V 

Quiescent current specified to 15 V 

= Maximum input leakage current of 1 uA 
at 15 V (Full package-temperature range) 

= 1-V noise margin (full package-temper- 
ature range) 

Applications: 

| 


Even and odd-parity generators 
and checkers 

Logical comparators 
Adders/subtractors 

General logic functions 


AMBIENT TEMPERATURE (Tg) #25 °C 
TYPICAL bet wells COEFFICIENT 
FOR Ip *-0.3 %/ 


DRAIN MILLIAMPERES (Ip) 


H Scesscesseesssssiss 


Coot Ht 
eaenee . SaRS6RR 
BEaes Seasons 
HEH ena see 
5 


eae 
rt ean sekea 
SQgenaess 
a 
5 


' 
ORAIN-TO- sounce VOLTS (Vos) 
92CS-19N3 


Fig.2 ~ Typical output n-channel 
drain characteristics. 


DRAIN- TO-~SOURCE VOLTS (Vps) 


a 
° 


7 


°e 
~ 
w” 
w 
4 
Ww 
a 
z 
= 
-/ 
= 
z 
z 


eB : TTI TTT 
AMBIENT TEMPERATURE (Ta)= 25 °C 
TYPICAL TEMPERATURE COEFFICIENT pip eet 
GH GASRE FARES ESRAB 
92CS-1914Ri 


FOR ALL VALUES OF Vpp*-0.3%/°C 


Fig.3 — Typical output p-channel 
drain characteristics. 
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CD4030A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (°C) 


Conditions 
lic D, F, K, H Packages 


Characteristic 


< 
° 
=< 
a 
~ << 
<0 
9 


Quiescent Device 
Current I~ Max. 


N oO 
o oO 
Oo 
ro) 
Oo 
a 
oo) 
oO 
w 
5 
on 


Output Voltage: 
Low Level, 
VOL 
High Level 
VOH 

Noise |lmmunity: 
Inputs Low, 
VNL 
Inputs High 
VNH 

Noise Margin: 

Inputs Low, 

VNML 

Inputs High, 

VNMH 


0 Typ.; 0.05 Max. 
0 Typ.; 0.05 Max. 


4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


V 


1 Min. 


1 Min. 


Sfol® |Ni-|~]o = 
on on (ee) NLD — 


Output Drive 
Current: 
N Channel 
(Sink) 0.75 | Be 0.3 


IDN Min. 
P Channel 
(Source) : 
IpP Min. 
Input Leakage 

Current 
Ne. WH 


- 
=. 
se} 
= 
ee ct 
oO 
fo) 
ee) 
oO 


| > >) 
> on on 
5 


+1079 Typ., + 1 Max. UA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input t,, te = 20 ns, 
Cy = 15 pF, Ry = 200 ki? 


LIMITS 


D, F, K,H 
Packages 


Characteristic Test Conditions 


Propagation Delay 
Time: 
tPLH. tPHL 

Transition Time: 
High-to-Low 
Level, tTHL 
Low-to-High 
Level, tTLH 


Average Input 
Capacitance, Cy 


1.5 Min.; 2.25 Typ. 
V 


; 0.25 
-045| -06 | -03 |-o21 | -o21|-06 |-o15|-o12 


AMBIENT TEMPERATURE (Ta) = 25°C ; 
‘TYPICAL TEMPERATURE COEFFICIENT FOR ‘|Jilii}i°¢: 
ALL VALUES OF Vopp * 0 3% /°C = 

00h Serie eile eed di manang ae aie 


TH+ ete rrodoene 


+t preree 


trees 
e+e eters 
a oe) 


= 
<= 

++ eee re re ePerene 

++ tetr rere trees 

rt 5 aan (ie ae 

+ +r tterttpe ete 


100 120 140 160 
LOAD CAPACITANCE (C,) — pF 


PROPAGATION DELAY TIME (tp, yy tpyp)—ne 


92CS-1915 


Fig.4 — Typical propagation-delay 
time vs. load capacitance. 


ie A ee eC Se eC ee ee 


RL pete Pectaen ted tier aan 


Ce Oe CC Ce 2 


Pe Geass Geers, Os Gre nea hee mmes Cee ar om (er mer eern, Vara ease 


ee Se 


en eis ets. — 
peree «CO403040 idtz 
an we | ‘CD40 30AK beeee 


ore «eek Cee ee ee eee ee on i ee oe ee ee ea ce 


ee oe ee eee ee oe eee ee Oe ee ee ey Ce ee a ee 


) 5 Ie 
SUPPLY VOLTS (Voo) 


yPOS es Al 


Fig.5 — Maximum propagation-delay 
time vs. supply voltage. 


| 
‘! LOAD CAPACITANCE (C,) = 5 pF 


- | INPUT 1, = 4 = Dns 
103 


&}— 


step - _——— a 
; 108 *T awpienT TEMPERATURE (Ta) asec ff ST YY | +4 | 
\ + + + + + 
5 
+ 


+ + +44 


DISSIPATION PER GATE (Pc) - 


INPUT FREQUEWCY (/,) -Hz 


92CS -17412R) 


Fig.6 — Typical dynamic power dis- 
sipation characteristics. 


AMBIENT TEMPERATURE (Ta) © 25°C TEST. 
TYPICAL TEMPERATURE COEFFICIENT FOR + pf: +: |SUPRLY 
ALL VALUES OF Voo * 0 3% / °C Pe tee Pog 
3007 2 - 00 
Hy Ts . 


tron? — 8 


TRANSITION TIME (tyre 


LOAD CAPACITANCE (C,) — pF 


Fig.7 — Typical transition time 
vs. load capacitance. 
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CMOS 64-Stage Static Shift Register 


The RCA-CD4031A is a 64-stage static shift 
register in which each stage is a D-type, 
master-slave flip-flop. 


Data (Q) and Data (Q) outputs are provided 
from the 64th register stage. The Data (Q) 
Output is capable of drving one TTL or DTL 


CD4031A Types 


; load. 
The logic level present at the DATA input is : 


transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion. Maximum clock frequencies up to 
4 Megahertz (typical) can be obtained. Be- 
cause fully static operation is allowed, 
information can be permanently stored with 
the clock line in either the low or high state. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


NC =3, 4,5, 11, 12,13, 14 
92CS - 25050R! 


Features: 
The CD4031A has a MODE CONTROL in- nd ee 
put that, when in the high state, allows ® Fully static operation: DC to 4 MHz typ. 
operation in the recirculating mode. Register @ Vpp — Vssg = 10 V ® Single phase clocking requirements 
packages can be cascaded and the clock lines ® Operation from a single 3 to 15 V positive ® Recirculation capability 
driven directly for high speed operation. or negative power supply ® Data compatible with TTL-DTL 
Alternatively, a delayed clock output (CLp) ® High noise immunity = Two cascading modes: 
is provided that enables cascading register @ Microwatt quiescent power dissipation: Direct clocking for high-speed opera- 


10 UW (typ.) for ceramic packages; 100 u.W tion 
(typ.) for plastic packages Delayed clocking for reduced clock 


drive requirements 


packages while allowing reduced clock drive 
fan-out and rise- and fall-time requirements. 


MAXIMUM RATINGS, Abso/ute-Maximum Values: = Quiescent current specified to 15 V 
STORAGE-TEMPERATURE RANGE (Tgtg) 6. ee -65 to +150 C = Maximum input leakage current of 1 HA 
OPERATING-TEMPERATURE RANGE (Ta): at 15 V (full package-temperature range) 
°o 
PACKAGE TYPESD, FRA 44 66 ie eH hk oR REG GEE ERO DS RO BOOS -55 to +125 C = 1-V noise margin (full package-tempera- 
PACKAGE TYPE Go ce ki ve eG Pode te ee Ree RE eRe AE OO ODE wee’ -40 to +85 C ture range) 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
Voltages referenced to Vsg Terminal): .. 2... ...0.0.0.020..220.02000002000. -0.5to +15 V : : ; 
POWER DISSIPATION PER PACKAGE (Pp) Applications. 


FOR Ta = -40 to +60 C (PACKAGE TYPE E) 800 mw 

FOR Ta = +60 to +85 C(PACKAGE TYPE E) ~~ ....... Derate Linearly at 12 mW/ C to 200 mW 

FOR Ty, = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR Tx, = +100 to +125°C (PACKAGE TYPES D, F, kK) Derate Linearly at 12 mW/"C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ..... 100 mw 
INPUT VOLTAGE RANGE, ALLINPUTS ....................200.. -0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


= Serial shift registers 
= Time delay circuits 


° 
+265 C 


RECOMMENDED OPERATING CONDITIONS at Ta, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


J apaieris (ee 
. CARE SHOULD BE TAKEN ° 
NOT TO EXCEED MAXIMUM» 
DISSIPATION (200MWw) ¥ 


ORAIN MILLIAMPERES (Ip) 


LIMITS 


CHARACTERISTIC 


Supply-Voltage Range (For T, = Full 
Package-Temperature Range) 


Data Hold Time, ty 


ORAIN~TO- SOURCE VOLTS (Vos) 
92CS-19746 


Fig. 1— Typical and minimum output n-channel 
drain characteristics for Q output. 


ORAIN- TO-SOURCE VOLTS (Vos) 


Clock Pulse Width, ty 


Clock Input Frequency, fo, 


ORAIN MiL LIAMPERES (Ip) 


Clock Rise and Fall Time, t-CL, t¢CL* 


TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Vop*-03%/*C 


Fig. 2 — Typical output p-channe! drain character- 
istics for Q output. 


* If more than one unit is cascaded in the parallel clocked application, tpCL should be made less than or equal 
to the sum of the propagation delay at 15 pF and the transition time of the output driving stage. 
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CD4031A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 
Vo | Vin 
(Vv) | (Vv) 


Vopo 
(Vv) 
eiefale tele tom 


Quiescent Device 
Current, re Max. 


Output Voltage: 
Low Level, 


CONDITIONS D, F, K, H PACKAGES 


i= +125 
TYP. | LIMIT 


, UNITS 
LIMIT 


6 Typ.; 0.05 Max 
0 Typ.; 0.05 Max 


4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


Hane Tnmiunity: 1.5 Min.; 2.25 Typ. 
Inputs Low, 
VAL 3 Min.; 4.5 Typ. 
Inputs High 1.5 Min.; 2.25 Typ. 
VNH 3 Min.; 4.5 Typ. 


Noise Margin: 
Inputs Low, 


VNML 
Inputs High, 
VNMH 


Output Drive 
Current: 
N-Channel 
(Sink), 


(Source): 
IDP Min. 


oO 
> 


' : 
¢ o w ; 
_ fee) NO 

> 


Input Leakage 
Current, 


| Input t 


+ (a) 
ALL INPUTS ARE 
PROTECTED BY 


Oo 
_ 
N 


oO 
nN 
pS 


mA 


1 
O}°}S 
NIN 
o;|a 


‘ 
° 
S ; 
N 


xX = DONT CARE 
o Output is: 

A Bidirectional Short Circuit when Control 
Input 1 is “Low” and Control input 2 is 


SS PROTEC TION -= 2 <6 LUARRE “High” 
laa ei (b) An Open Circuit when Control Input 1 is 
“High” and Control Input 2 is “Low” 
92CS-19019R2 
Vss Fig. 7 -- Logic diagram and truth tables. 


ass oA 

TYPICAL TEMPERATURE COEFFICENT FOR [J 3 H 

s jee t+ t+ 

Ss5e ea 

sssscssecs 

ae eee. + 

soot HH Sues==-snssSseseess 
ee == 2en +4 | | 

ease 


400bts 
ea 
ee ee 
se ae tte ettet 4 
soot sauenggesnece 
ae HHH eaae~- a8) 


seseeeese * 


es 
ase esse: t 7 i 
scecceccccccecccceceusseceseseeeeee 
Ht t+] + aid Sc 89-4 
60 70 80 


PROPAGATION DELAY TIME (toy. tp, 4-98 


sceeeseeceeseees 

CELE ECE ET 

10 20 30 40 50 
LOAD CAPACITANCE (C_) - pF 92¢$-19747 

LOAD CAPACITANCE OF 6 = 15 pF 

Fig. 3— Typical propagation delay time vs. load 


capacitance for data outputs. 


AMBIENT TEMPERATURE (Ta)+ 25°C 
TYPICAL TEMPERATURE COEFFICENT FOR 
ALL VALUES OF Yoo ' 0 3%/°C 


PROPAGATION DELAY TIME (tpy. tp, y )-ne 


teeter 
eee 
eee 
eee 
fe) 


40 50 0 70 80 90 100 
LOAD CAPACITANCE (C,)-pF 


3 

92C5 19748 

Fig. 4— Typical propagation delay vs. load capaci- 
tance for delayed clock output. 


AMBIENT TEMPERATURE (Tal? 25°C TTyt 
TYPICAL TEMPERATURE COEFFICENT FOR [7 : °° 
ALL VALUES OF Von? 0 3%/°C : 
RTT 


S 
lo parr 
=288 


TRANSITION TIME (tty. tT w)—ns 


LOAD CAPACITANCE (C_ ) - pF 
NOTE: trq FOR Q OUTPUT IS SIGNIFICANTLY LESS THAN t7.4 


92CS- 19749 


Fig. 5 — Typica/ transition time vs. load capaci- 
tance for data outputs. 


| ALL VALUES OF Vop 03% Pedi iidiiys 


T AMBIENT TEMPERATURE (Tal? 25°C Jrvo.qv. dvr. 
TYPICAL TEMPERATURE COEFFICENT FOR Ji ccc] ic ct tttc: 
Ye 
300 


TERE EEO RT EG Oo Bebe oe Bs eee bw ake 


Ca, Ca Ie Cn (eee Weer} 


Soe be hor borer devas 


Oe, ie ae 


TRANSITION TIME rae et toy! 


° 20 30 40 50 60 70 80 30 100 


LOAD CAPACITANCE (C\) - pF 92C3$- 19750 


Fig. 6— Typical transition time vs. load capaci- 
tance for delayed clock output. 
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CD4031A Types 


AMBIENT TEMPERATURE (Ta)® 25°C 
TYPICAL TEMPERATURE COEFFICENT FoR [ ++? 
3{ ALL VALUES OF Vop +0 3% /*C ah aah (EBs ee 
28508 Geuseusese 
sescaee segcsee HH + sees |e Ae I 


DYNAMIC ELECTRICAL CHARACTERISTICS 
at T,=25°C, Input t,, tg=20 ns, C, =15 pF (unless otherwise specified), R,_=200 k&Q2 


sa 3 
++ 


oa es 


ae es 


LIMITS 


TEST 
CHARACTERISTIC CONDITIONS 


MAXIMUM CLOCK FREQUENCY (fc, ) -MHz 


sesee 


Propagation Delay Time; 


tPLH: PHL sees 
tJ 
H eae 
Clock to Data ° “ —_ 
SUPPLY VOLTS (Vpp) 92C$-19751 


Output Q & Q* 
Fig. 8 — Maximum clock input frequency vs. 


supply voltage. 


Cal 
o;}n 


Clock to CLp 


NR 
jo) 
Oo 


Transition Time; 
TTHL: 'TLH 
Q Output 


Ww 
oO 
oS eS ae 


8 


Q Output 


oO 
z 

I 

n 

j=) 

no) 

[| ele 
BIg 3 
- mo] 


et leelé 


O 
rr 
| 
fe?) 
oO 
ne) 
n 


CLp Output 


o;n 


= 
E 
2 
w 
co) 
< 
x 
a 
a 
: 
< 
= 
a 
” 
a 
a 
w 
z 
ca) 
a 


~s 
a 
8/8 /3 A 
N}O};}O;°O o o 


Clock Rise and Fall Time; 
t-CL, teCL”” 


nina Stlp Ts | — 200 ao | — | CLOCK FREHENE He sea 
Time, ts fio | - | 50 | 100 Led Fig. 9— Typical power dissipation vs. frequency. 
q ¥« CL 2 INPUTS OUTPUTS 
Minimum Data Hold Sei ees “0° Yn 
os | 10 | ~ | 100 | 200 | -_ .— —“e 
VAL ~ 
Minimum Clock Pulse | 5 | - [125[25 | - | 7 
i NOTE. 
Vss WITH OTHER INPUTS AT 
Average Input Capaci- 92cs- 27400 WDD OR Vss- 
tance, Cy Clock 
All Others Lo _] | 5 | - [| - | Fig. 10 — Noise-immunity test circuit. 


* Capacitive loading on O output affects propagation delay of Q output. These limits apply for © load 


CL <15 pF. INPUTS 
** If more than one unit is cascaded in the parallel clocked application, tpCL should be made less than or Yoo NOTE 
equal to the sum of the propagation delay at 15 pF and the transition time of the output driving stage. wot) a etn 
*** Maximum Clock Frequency for Cascaded Units; vss TO BOTH Vop AND Vss 


CONMECT ALL UNUSED 
P INPUTS TO EITHER 
ng Delayed Clock Feature — 
a) Using y Yoo OR Vc 
1 vss 
where n = number of packages 


9255 274Ce 


f = ; 
max —(n-1) CLp prop. delay + Q prop. delay + set-up time 
- 1 
propagation delay + set-up time 


Fig. 11 — Input-leakage-current test circuit. 
b) Not Using Delayed Clock — f,,3, 


Yoo 
= 92CS5-19754R1 
ALL INPUTS ARE Vss WITH S, AT GROUND ,CLOCK UNIT 64 TIMES 
PROTECTED BY BY CONNECTING Sz TO PULSE GENERATOR 
COS/MOS PROTEC TION RETURN So TO GND AND MEASURE LEAKAGE 
CURRENT. REPEAT WITH S,; AT Voo 


NETWORK 
92CS-19745R2 


Fig. 12 — Functional diagram. Fig. 13 — Quiescent-device-current test circuit. 
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CD4032A, CD4038A Types 
CMOS Triple Serial Adders 


Positive Logic Adder — CD4032A 
Negative Logic Adder — CD4038A 


The RCA-CD4032A and CD4038A types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in- 
puts. Each adder has two provisions for two 
serial DATA INPUT signals and an INVERT 
command signal. When the command signal 
is a logical ‘‘1’’, the sum is complemented. 
Data words enter the adder with the least 
significant bit first; the sign bit trails. The 
output is the MOD 2 sum of the input bits 


plus the carry from the previous bit position. 


The carry is only added at the positive-going 
clock transition for the CD4032A or at the 
negative-going clock for the CD4038A, thus, 
for spike free operation the input data trans- 
itions should occur as soon as possible after 
the triggering edge. 

The CARRY is reset to a logical ‘’0’’ at the 
end of each word by applying a logical “1” 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tq) 

OPERATINT GEMPERATURE RANGE (Tq): 
PACKAGE TYPES D, F, K,H 
PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE, (Vp) 
(Voltages referenced to Vgg Terminal) 

POWER DISSIPATION PER PACKAGE (Pp) 
FOR T, = —40 to +60 C (PACKAGE TYPE E) 
FOR T, ~ +60 to +85 C (PACKAGE TYPE E}) 


FOR Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
FOR Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


Features: 


# Invert inputs on all adders for sum complementing 


INVERT | 


applications . 
= Fully static operation. ..... dc to 5 MHz (typ.) INVERT 2 
® Buffered outputs 
® Single-phase clocking a 
™ Microwatt quiescent power dissipation. . . . 5 uW (typ.) INVERTS 


®@ Quiescent current specified to 15 V 


# Maximum input leakage current of 1 LA 
at 15 V (full package-temperature range) 

# 1-V noise margin (full package-temper- 
ature range) 

signal to a CARRY-RESET input one bit- 

position before the application of the first 

bit of the next word. Figs. 2 and 4 show 

definitive waveforms for all input and output 

signals. 

These types are supplied in 16-lead hermetic 

dual-in-line ceramic packages (D and F 

suffixes), 16-lead dual-in-line plastic pack- 

age (E suffix), 16-lead ceramic flat packages 

(K suffix), and in chip form (H suffix). 


_ --65 to +150 °C 


_ 55 to +125°C 
40 to +85°C 


-O.5to+15V 


ee ee es 500 mw 
Derate Linearly at 12 mW/C to 200 mW 

ae _ 500 mw 
Derate Linearly at 12 mW/ C to 200 mw 


FOR T, = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . . 100 mW 


INPUT VOLTAGE RANGE, ALL INPUTS . 
LEAD TEMPERATURE (DURING SOLDERING) 


0.5 to Vop tO5V 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 105 max ee a +265 C 


RECOMMENDED OPERATING CONDITIONS at Tp = 25 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = 
Full Package- Temperature Range) 
| t Setup Time, t 
| 


Vpp 


D, F, K, H E 
Packages 


a 
Clock | :F f 
ock Input Frequency, fo, 
5 15 15 
lock Ri NW Ti 


LIMITS 


Package 


6 dc 5 


Cy 
CARRY RESET 


Vss 78 


Voo 2!6 
sad 92CS-17665 


FUNCTIONAL DIAGRAM 


Applications: 

® Serial arithmetic units 

® Digital correlators 

® Digital datalink computers 
® Flight control computers 


® Digital servo control systems 


| AMBIENT TEMPERATURE (Tg) = 25 °C 


| TYPICAL TEMPERATURE COEFFICIENT Hd 
FOR ALL VALUES OF Vp) *0.3 %/°C 


g 


e 
ec 
| 
- 
x 
a 
* 
x 
a 
~ 
w 
z 
- 
> 
< 
a 
& 
z 
2 
- 


40 
LOAD CAPACITANCE (CL) — pF 
92C5-19122 
Fig. 1 — Typical propagation delay time vs. load 
capacitance for A, B, or INVERT inputs 
to sum outputs. 


AMBIENT TEMPERATURE (Ta)+25 °C fetta 
TYPICAL TEMPERATURE COEFFICIENT FOR stitetteHTt itis 
ALL VALUES OF Vop *0 3 %/°C z 


$3832 Ht 
Li HE 
PCH TER | 
38335858335 raiit $3 HEY 
oo 


3 
H itt 


TRANSITION TIME (try. .tr_y) — 8 


' 
LOAD CAPACITANCE (C, )— pF 


92C8-10125 


Fig. 2— Typical transition time vs./oad capacitance 


tor sum outputs. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, te = 20 ns, 


Cy = 15 pF, Ry = 200 kQ 
LIMITS 


CHARACTERISTIC |TEST CONDITIONS D, F,K, H 


Packages 


+ 
< 
2 


Propagation Delay 
Time; 
'PLH: CPHL 
A, B, or Invert 
Inputs to Sum 
Outputs 


Clock Input 
to Sum Outputs 


oO 
oO 


Transition Time; 


tTHL’ 'TLH 
(Sum Outputs) 


Maximum Clock Input 


Frequency, fo, 


Clock Rise & Fall 
Time; 
t,CL, teCL™” 


Minimum Input Set Up 
Time, ts* 


— 
NO 
on 


Average Input 
Capacitance, C, 


2200 
| 500 | 

375 | 
cae 
ie 
p= fe 


ae ene A 
*This characteristic refers to the minimum time required for the A, B, or Reset Inputs to change state CL i indie 
following a positive clock transition (CD4032A) or negative transition (CD4038A). INVERT 
CARRY ae ae a ee ee 
**)f more than one unit is cascaded t-CL should be made less than or equal to the sum of the transition RESET 


time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 


load. 


[ADDER! | | | 


INVERT, | 
Vv 
CARRY oo 
RESET 
ADDERS 
clock. 2&3 
vss 


bag INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 


NETWORK 92CS-I766IR2 


Fig. 6 — CD4032A logic diagram of one of three serial adders. 
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CD4032A, CD4038A Types 


AM@IENT TEMPERATURE (Ta)* 25°C oes oo 
INPUT try *t¢ *20n68 = mae 
LOAD CAPACITANCE (CL)= 15 pF HHA HH 
x | 

r—+-—_F +4 4 —_ +—_ $+ 4 FF +4 aco —soasoe 
z ae ew Ge eee es ae ee) ater. ae eee 
[TTT surety vouis Woo is [TTT 
| ee i a ee er 
. SSS ae 
9p i ai ia 26 a 
e ott | | wee er 
mn = "saat eg cee. GD Ae Ue) coon emer REN! seo oer ice 
é t--—4 SH WT wa =e 2 ED 6S ee ee we eS ee oe 
2 a oe 
S. 2a! eT at tt 
ae a ON Oe, ee a ei eee wee 
w pe eet tt 
z = =as- — ooo nee el ol 
& ae aut He Rett tH 
Ce oui names 
ance oo Sos eae Sete oes 

is a 2 


10% 


92CS- 19124 


CLOCK FREQUENCY (fc )—kHz 


Fig. 3 — Typical dissipation characteristics. 


—— WORD |*+WORD2 — 


HET H S 
= Houituce 


CARRY 
RESET 


SUM 


WORD 3+WORD 4 


nL 
rs 
ae 


COMPLEMENTED SUM 


WORD 3 1.10110112-37 
WORD 4 1.10011 10#-50 
10101001* -87 


92CS -17662 


WORD | 0.0!111100 = +60 
WORD 2 0.0! 100! 0 = +50 
O.11Ol1I1O #4110 


Fig. 4 — CD4032A timing diagram. 


he WORD | + WORD 2 — ——WORD 3+WORD 4 


oe 


SUM 


—whe— COMPLEMENTED SUM 
WORD 3 0.0100100 = +36 
WORD 4 0.011000! =+49 

0.101010! =+85 
92CS-19121RI 


---—— TRUE SUM 


WORD | |./0000I1 =-61 
WORD 2 |.10011 01 =-51 


1.0010000 =-112 


Fig. 5 — CD4038A timing diagram. 


* [ADDER | _ : eee | 


* | 
INVERT)| 
{ 


* 
CARRY 
RESET Vop 

he —— 

ADDERS 
cLock Ss. 283 
ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION ‘VSS 


NETWORK 
92S - :9020R1 


Fig. 7 — CD4038A logic diagram of one of three 
serial adders. 
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CD4032A, CD4038A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (°C) 


D, F, K, H Packages E Package ~ 


Characteristic 


Quiescent Device 
Current I Max. 


Output Voltage: 
Low-Level 


VOL 
High Level 
VOH 
Noise Immunity: 
Inputs Low, 


VNL 


0 Typ.; 0.05 Max. 


4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 
V 


O Typ.; 0.05 Max. 
V 


3 Min.; 4.5 Typ. 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


Inputs High 
VNH 


Noise Margin: 
Inputs Low, 
VNML 


Inputs High, 
VNMH 


Output Drive 
Current 
N-Channel 
(Sink), 

IDN Min. 


P-Channel 
(Source), 


IDP Min. 
Current, 
lhe. tH |-|-| 15 


S) b S 
or on NRO 
<< 
a4 
— 
(Sa) (Sa) o1 


+10-5 Typ., +1 Max. 


Yoo 
v 
INPUTS 
° 
Vss 
Voo Vop 
INPUTS OUTPUTS INPUTS 
Von Mia Yoo 
* 
° wy, ° @ 
VAL Vss 
Vss NOTE: 
92CS- 27401 -27441 Vv TEST ANY COMBINATION 
92cs-2 ss OF INPUTS Vss 
Fig. 8 — Quiescent-device-current test circuit. Fig. 9 — Noise-immunity test circuit. Fig. 10 — Input-leakage-current test circuit. 
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TO BOTH Voo AND Vss 
CONNECT ALL UNUSED 


CMOS 8-Stage Static Bidirectional 
Parallel/Serial Input/Output Bus Register 


The RCA-CD4034A is a static eight-stage 
parallel-or serial-input parallel-output regis- 
ter. It can be used to: 


1) bidirectionally transfer parallel informa- 
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu- 
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single-phase CLOCK 
(CL), ADATA ENABLE (AE), ASYNCHRO- 
NOUS/SYNCHRONOUS (A/S), A-BUS-TO- 
B-BUS/2B-BUS-TO-A-BUS (A/B), and PAR- 
ALLEL/SERIAL (P/S). 


Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (outputs) and the B data lines are out- 
puts (inputs) depending on the signal level 
on the A/B input. In addition, an input for 
SERIAL DATA is also provided. 


All register stages are D-type master-slave 
flip-flops with separate master and slave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering. 


PARALLEL OPERATION 


A high P/S input signal allows data transfer 
into the register via the parallel data lines 
synchronously with the positive transition 
of the clock provided the A/S input is low 
If the A/S input is high the transfer is in- 
dependent of the clock. The direction of 
data flow is controlled by the A/B input. 
When this signal is high the A data lines are 
inputs (and B data lines are outputs); a low 
A/B signal reverses the direction of data flow. 


The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 


Data storage through recirculation of data in 
each register stage is accomplished by mak- 
ing the A/B signal high and the AE signal 
low. 


SERIAL OPERATION 


A low P/S signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in- 
put is internally disabled when the register is 
in the serial mode (asynchronous serial opera- 
tion is not allowed). 


The serial data appears as output data on 
either the B lines (when A/B is high) or the 
A lines (when A/B is low and the AE signal 
is high). 


Register expansion can be accomplished by 
simply cascading CD4034A packages. 


CD4034A Types 


B DATA 
92CS-19202RI 


Fig. 1 — Functional diagram. 


The CD4034A-Series types are supplied in Yeo 
24-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 24-lead dual-in-line 
plastic packages (E suffix), 24-lead ceramic alt INPUTS ARE 
flat packages (K suffix), and in chip form (H PROTECTED BY 
COS/MOS PROTECTION 
suffix). NETWORK 
Vss 
MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE 0 Pe eee ee ee er oe ee -65 to + 150°C 


OPERATING-TEMPERATURE RANGE (Ty): 
PACKAGE TYPES D, F, K, H 


Mad cok gee anee BAe ewe oe ean es deoeneees -55 to +125°C 


PROCKAGE TYPE.E. «336 ¢-a5 S-d.0 we Oo Hora b Hd 26 we bo eche bs. ood EY RES -40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vss || a er -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp) 

FOR Tg = =40 to +60°C (PACKAGE TYPE E).... 0 eb esc tke ae ba ee oe es 500 mw 


FOR Tx, = +60 to +85’ C (PACKAGE TYPE E) 


FOR Tp = -55 to +100°C (PACKAGE TYPES D,F,K) ...................... 500 mW 

FOR Tq = +100 to +125°C (PACKAGE TYPESD,F,K) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T, = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). ..... 100 mw 


INPUT VOLTAGE RANGE, ALL INPUTS 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


+265°C 


RECOMMENDED OPERATING CONDITIONS at lA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 


CHARACTERISTIC D, F, K,H 


PACKAGES 


Supply-Voltage Range (For T, = Full 
Package- Temperature Range) 


Data Setup Time, ts 


Clock Pulse Width, tw 


Clock Input Frequency, fel 


Clock Rise and Fall Time, t,CL, tgCL” 


*If more than one unit is cascaded t CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4034A Types 


Table | — Truth Table for Register Input-Levels and the Resulting Register Operation (L= Low 
Level, H = High Level, X = Don’t Care) 


Serial Mode; Synch. Serial Data Input, ‘“A” Parallel Data Outputs 
Disabled 


Parallel Mode; ‘’B” Asynch. Parallel Data Inputs, ‘“A’’ Parallel Data 
Outputs Disabled 


Parallel Mode; ‘’A” Parallel Data Inputs Disabled, ‘’B” Parallel Data 
Outputs, Synch. Data Recirculation 


Parallel Mode; ‘‘A” Parallel Data Inputs Disabled, ‘’B’’ Parallel Data 
Outputs, Asynch. Data Recirculation 


Parallel Mode; ‘’B” Synch. Parallel Data Input, ‘‘A” Parallel Data 
Output 
Parallel Mode; ‘’B” Asynch. Parallel Data Input, ‘A’ Parallel Data 
Output 
Parallel Mode; ‘‘A” Synch. Parallel Data Input, “B” Parallel Data 
Output 
Parallel Mode; ‘‘A” Asynch. Parallel Data Input, ‘“B’” Parallel Data 
Output 
*Outputs change at positive transition of clock in the serial mode and when the A/S control input is ‘‘low”’ 
in the parallel mode. 


6 STAGES 
SAME AS STAGE | 


(PagALLEL) 
SERIAL 
* 


SERIAL '0 
pata O 


FLIP-FLOP Ope 
TRUTH TABLE 


«© TG » TRANSMISSION GATE 


INPUT TO OUTPUT IS 
oe) A BIDIRECTIONAL LOW IMPEDANCE 
WHEN CONTROL INPUT | 1S ‘LOW’ 
ANO CONTROL INPUT 215 ‘HIGH’ 
b) AN OPEN CIRCUIT WHEN CONTROL 
INPUT 1 IS HIGH’ AND CONTROL INPUT 215 ‘LOW’ 


X DON'T CARE 
* INVALID CONDITION 


ALL INPUTS ARE 92CM-19200R2 
PROTECTED BY 
COS/ MOS PROTEC TION 
NETWORK Vss 


Fig. 2— Logic diagram. 
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Features: 


® Bidirectional parallel data input 
w Parallel or serial inputs/parallel outputs 
® Asynchronous or synchronous 
parallel data loading 
# Parallel data-input enable on 
“A” data lines 
# Data recirculation for register expansion 
= Multipackage register expansion 


= Fully static operation DC-to-5 MHz (typ.) 
At Vpp-Vss = 10 V 


m Quiescent current specified to 15 V 

= Maximum input leakage current of 1 uA 
at 15 V (full package-temperature 
range) 

= 1-V noise margin (full package-temper- 
ature range) 


Applications: 


® Parallel Input/Parallel Output, 

Parallel Input/Serial Output, 

Serial Input/Paralle! Output, 

Serial Input/Serial Output Register 

Shift right/shift left register 

Shift right/shift left with parallel loading 

Address register 

Buffer register 

Bus system register with enable parallel 
lines at bus side 

Double bus register system 

Up-Down Johnson or ring counter 

Pseudo-random code generators 

Sample and hold register (storage, count- 
ing, display) 

@ Frequency and phase comparator 


~——-—-—--—— B DATA LINES ARE OUTPUTS + LINES ARE = 


OUTPUTS 


aCe 1998 


Fig. 3— Timing diagram. 


CD4034A Types 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


"AMBIENT TEMPERATURE (Tal-25 °C 

TYPICAL TEMPERATURE COEFFICIENT ::: 

FOR ALL VALUES OF Vpp*OS%/°C :!" 
aaa S aines ee eee oe ee eed 


Ene Ha eH HEHE ‘ 


seeede 


feces 


CHARACTERISTICS 


< 


Quiescent Device 
Current, rt Max. 


ee 
Perce | 


PROPAGATION DELAY TIME itpy, .tpry)—ans 


00: ee ree 
Output Voltage: i 
Typ.; 0.05 Max eeees coeds coees be 
Low Level, er eee ee ee 
VoL Typ.; 0.05 Max LOAD CAPACITANCE (C,) — pF sane 
High Level 4.95 Min.; 5 Typ. Fig. 4-- Typical propagation delay time 


Vou 9.95 Min.; 10 Typ. vs. load capacitance. 


Noise Immunity: 1.5 Min.; 2.25 Typ 


Inputs Low, 
VAIL 3 Min.; 4.5 Typ. 


Inputs High 1.5 Min.; 2.25 Typ. 
VNH 3 Min.: 4.5 Typ. 


AMBIENT TEMPERATURE (Tg) 25%c HH 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Vpp +0 3 %/*C 


800 


HE HH 
Hut Gat 


it Hi 


Noise Margin: 
Inputs Low, 


VNML 
Inputs High, 
VNMH 


ce 


‘ 
reper eg eee ee bee redeertperetaee 
aeabhes 


TRANSITION TIME (Truc. TrEH) — ne 
Co 


Output Drive 


ea ibithis i ppiheeges 
Current: 0 20 40 60 80 100 
N-Channel LOAD CAPACITANCE (C, ) — pF 92c$- 19213 
— . Fig. 5 — Typical transition time vs. load 


IN Min. ; : : ; : ; j capacitance. 


P-Channel 
(Source): 


IpP Min. 


PACITANCE (C,)#15 pF 
S53 seses cases ssses ss: 


Input Leakage Any Input 
Current, 


HEHE 


ee 
ae 


Hod =p) 1B Rt 
Set at te ttt 
Hedy 


CLOCK INPUT FREQUENCY (fc, )— MHz 


10 [AMBIENT TEMPERATURE (Ta) 25°C 
| ALTERNATING “O* 
AND “|” PATTERN 


Oo 5 10 15 
SUPPLY VOLTS (Vo) 


92CS -19970 


Fig. 6 — Typical clock input frequency vs. 
supply voltage. 


Fig. 8 — Asynchronous operation propagation delay 
time and transition time. 


POWER DISSIPATION/PACKAGE (P95) — .w 


} LOAD CAPACITANCE (C, )*ISpF 
{| —~—— Cy *SOpF 


' 10 10° 10° fe) 
INPUT CLOCK FREQUENCY (fc) — kHz 


92CS-17606R5 


OuTPUT 


Fig. 7 — Typical dissipation characteristics. 


* INPUT REFERS TO ANY OF THE "A"OR “B” DATA INPUTS, “A”ENABLE, 
SERIAL INPUT, A/B, P/S, OR A/S INPUTS 


Hy AND toy ARE SET-UP TIMES 


92CS- 20076 92°5 20076 
Fig. 9 — Clock pulse rise and fall times. Fig. 10 — Synchronous operation propagation 
delay times, transition times, and set-up 
times. 
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CD4034A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Tg = 25°C, Input t,, te= 20ns, Cy = 15 pF, RL = 200K 


Yoo 
LIMITS 
INPUTS OUTPUTS 
D, F,K,H E Yoo NH 
PACKAGES PACKAGE —— =—— 
VNL 3 


Hi 
> 
as 
z 
<< 
~ 
E 
> 
x< 


NOTE. 

TEST ANY ONE INPUT, 

Vss WITH OTHER INPUTS AT 
92cs-27400 YOO OR Vss 


fey) 


Propagation Delay 
Time; tpLH, tPHL 


wr 


Transition Time; 


rue "TLH 


Maximum Clock Input 
Frequency, fei 


Fig. 11 — Noise-immunity test circuit. 


WwW 
jo) 
o;un 
o) 


o;L. 
or} © 
—s 
N 
< 
< 
8 


—_ 

~S 

oO 
NO 
ro) N 
ro) on 


O(a] 
o on 
woil— 

on 


Clock Pulse Width, 
tw 


Min. High-Level 
AE, P/S, A/S 
Pulse Width 


NR 
> 
jo) 
- | 
Oo! 
1) 


INPUTS 


yn 


tg 


Average Input 
Capacitance, C, Any Input 


*If more than one unit is cascaded t-CL should be made less than or equal to the sum of the transition time Fig. 12 — Quiescent-device-current test circuit. 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


ze) 


Vss 


Woi—_ 
on 


NO 

oa © 
jo) on 
o 

o;jnrnmti— 
o;o}o 


92CS- 27401 


"A" ENABLE >— — Vv 
Yoo Yoo - 
a 
v 7 J AE Ce Rot WE ose = AE Ra ene INPUTS 
SERIAL A PARALLEL A PARALLEL SERIAL "A'PARALLEL "A" PARALLEL 
DATA DATA a pata > 197 pata RATA Yoo NOTE 
A/B A/B A/B A/8 wor MEASURE INPUTS 
ays CO40348 avg ©O40348 aye. COAOSSA gig: SPATE - SEQUENTIALLY, 
Par a “B" PARALLEL “BPARALLEL Ss T 
8 PARALLEL 8 PARALLEL as cL neh a ee © BOTH Von AND Ves 
ot oe! ailbed 6/§ ST ——— x CONNECT ALL UNUSED 
INPUTS TO EITHER 
SERIAL 
DATA Voo OR Ves 
4. SERIAL + 
DATA Vss 
PLS >= - 
A/S — - A/B 92CS- 27402 
L>- —-——_—_—___——_. cL >— 
e2cs-is206 92C8-19205 
Fig. 14 — 16-Bit parallel in/parallel out, parallel Fig. 15 — 16-Bit serial in/gated paralle/ out register. Fig. 13 — Input-leakage-current test circuit. 


in/serial out, serial in/parallel out, serial 
in/serial out register. 
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CD4035A Types 


CMOS 4-Stage ren 
Parallel In/Parallel Out 
Shift Register 


with J-K Serial Inputs and True/ 
Complement Outputs 


hood CD4035A 
Applications 4- STAGE REGISTER 


= Counters, Registers 
Arithmetic-unit registers 
Shift left — shift right registers 


Features: ; 
Serial-to-parallel/parallel-to-serial conversions 0)/8, Qy/d, 05/35 04/0, 

® 4-Stage clocked shift operation ® Sequence generation is T/C’ OUT 
® Synchronous parallel entry on all 4 stages = Control circuits Sea aI ENR 
= JK inputs on first stage ® Code conversion CD4035A 
a 

Asynchronous True/Complement control FUNCTIONAL DIAGRAM 

on all outputs 
= Static flip-flop operation; Master-slave MAXIMUM RATINGS, Absolute-Maximum Values: 

fe) 

configuration STORAGE-TEMPERATURE RANGE (T 54g) ee ee ee ee ee ee ee ee ee —66 to +150 C 
= Reset control OPERATING-TEMPERATURE RANGE (T)): 
w Buffered cumputs PACKAGETYPESDVF, KOR 64 s00-0654e0 ede wud uted ui wien bs ead —55 to +125 °C 
= Low power dissipation — 5uW typ. (ceramic) PRORAGE TYPE ET: te kceag gh eon Jad Aad a eay 4 obo o Fe 4 EEO OR —40 to +85 C 
= High speed — to 5 MHz DC SUPPLY-VOLTAGE RANGE, (Vip) 
= Quiescent current specified to 15 V (Voltages referenced to Veg VEMMINOUS 636 ssa ede eee ee RO dee eae wee —0.5 to +15V 
@ Maximum input leakage current of 1A POWER DISSIPATION en PACKAGE (Pp): 

at 15 V (full package-temperature range) FOR Ta = —40 to gel CIPACKAGE TYPE ©) gees ct hese Sud oe i wees va ®éa 500 mW 
= 1-V noise margin (full package-temper- FOR Tp = +60 to +85 C(PACKAGE TYPE E)  ........ Derate Linearly at 12mW/°C to 200 mW 

ature range) FOR T, = -55 to +100°C (PACKAGE TYPES D,F,K) --- 0-0 eee ee ee eee 500 mw 

FOR T, = +100 to +125°C (PACKAGE TYPES D,F,K) .... Derate Linearly at 12mW/°C to 200 mw 
The RCA-CD4035A is a four-stage clocked A 
) val ; th _ f DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

SEHGAL PMPRCEEL adi oid FOR T, = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)...... .. 100mw 

, agers penne ~ INPUT VOLTAGE RANGE, ALLINPUTS.............0.00 0000 cue —0.5 to Vin +0.5V 
- sage auth pS en eee LEAD TEMPERATURE (DURING SOLDERING): 

i ; 

otey Vie ogic. Register stages 2, 3, and At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max... ........00.. +265°C 


4 are coupled in a serial D flip-flop config- 
uration when the register is in the serial 
mode (PARALLEL/SERIAL control low). 


RECOMMENDED OPERATING CONDITIONS at T ,=25°9C, except as noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

Parallel entry via the D line of each reg- 

ister stage is permitted only when the 

PARALLEL/SERIAL control is high. = 


In the parallel or serial mode information CHARACTERISTIC Vop D, F, K,H E UNITS 
is transferred on positive clock transitions. (V) PACKAGES PACKAGE 


When the TRUE/COMPLEMENT control is 

high, the TRUE contents of the register are 

available at the output terminals. When the 

TRUE/COMPLEMENT control is low, the Supply Voltage Range (For Tq = Full 
outputs are the complements of the data in Package- Temperature Range 

the register. The TRUE/COMPLEMENT 
control functions asynchronously with re- 
pect to the CLOCK signal. J/K Lines 


LIMITS 


MIN. MAX. 


ie) 
—_ 
NO 


Data Setup Time, te: 


JK input logic is provided on the first stage 

SERIAL input to minimize logic require- Parallel-In Lines 
ments particularly in counting and sequence- 

generation applications. With JK inputs 

connected together, the first stage becomes Clock Pulse Width, twy 
a D flip-flop. An asynchronous common 

RESET is also provided. 


| 


These types are supplied in 16-lead hermetic HOS HSE GAC ray Wile, sae aie 


dual-in-line ceramic packages (D and F 

suffixes), 16-lead dual-in-line plastic pack- 

age (E suffix), 16-lead ceramic flat packages Reset Pulse Duration, ty 
(K suffix), and in chip form (H suffix). 


- oO NON 

oo ono 

oe) oO 
>, 


3 
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CD4035A Types 


PARALLEL 
oa” INPUT -| Pi-2 PI-3 Pi-4 
CONTROL (P/S) Oo O10 Ou Or2 


a70 be. 


tthe 
he | | att > 
ah ; 


2OmD ; | 
as 
P/S *O*SERIAL MODE — 
T/C # ls TRUE OUTPUTS 
FIRST STAGE TRUTH TABLE 
C15 
Q2 


n(OUTPUTS) 


C) 14 ()!13 
C3 Q4 


ANG CONTROL INPUT 2 IS Gn 
b) AN OPEN CIRCUIT WHEN CONTROL 


INPUT 11S HIGH ANO CONTROL 
INPUT 2 IS LOW 


Fig. 1 — Logic block diagram. 92CM-19967R | 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS | D,F,K,H PACKAGES | FE. K, | D,F,K,H PACKAGES | 


CHARACTERISTICS 


< 
oO 


Quiescent Device 
Current, rt Max. 


Output Voltage: 
Low Level, 


VOL 
High Level 4.95 Min.; 5 Typ. 
VOH 9.95 Min.: 10 Typ. 


Noise Immunity: = 
Inputs Low, 1.5 Min.; 2.25 Typ. 


VAL 3 Min.; 4.5 Typ. 


Inputs High 1.5 Min.; 2.25 Typ. 


0 Typ.; 0.05 Max 


VNH 3 Min.: 4.5 Typ. 
Inputs Low, 


VNML 


Inputs High, 
VNMH 


Output Drive 
Current: 


N-Channel 
(Sink), 


IDN Min. 
P-Channel 
(Source): 
IpP Min. 
Input Leakage 
Current, 


Noe WH 


Yoo TERMINAL No. 16* Vop 
TERMINAL No. 8 * GND 
* 
5 Toocte TG: TRANSMISSION GATE 
n-| MODE IN ouT 
v 
ss INPUT TO OUTPUT IS: 
ALL INPUTS PROTECTED BY oF BIDIRECTIONAL LOW IMPEDANCE 
COS/MOS PROTECTION NETWORK ROL INPUT | IS 


MBIENT TEMPERATURE (Tg) #25°C 


sansss sasneecs casauage ooesness 
ere 
ee H Suessssssseeses 
s ef TE ttt 
Ser eeeec tt 
“an 10 20 30 40 60 70 80 90 


LOAD caeeranek ice pF 
92CS -19968 


Fig. 2 — Typical propagation delay time vs. 
load capacitance. 


AMBIENT TEMPERATURE (T,)* 25°C CI 
bd TEMPERATURE COEFFICIENT FOR ALL VALUES} 


OF Vop *0.3%/ °C 7 
CLOCKED OPERATION yo 
eeesaes itt HE eases 
seeuice anaes 
eB setiiit HH Hott 
Segue 


TRANSITION TIME {truy ty, y4)—98 


ttt as 
sssussesstccestces HH sitsites 
eesnes Soceecaccsaenecseauecea 
ie) 10 = 30 40 50 60 ob 80 = 


LOAD CAPACITANCE (C__)—- pF 


92CS-19969 


Fig. 3 — Typical transition time vs. load 
capacitance. 


© AMBIENT TEMPERATURE (Ta) «25°C Hissteeocfige rps 
Bo sctoie SAPACITANGE ones Ls git + 


CLOCK INPUT FREQUENCY (fc, )— MHz 


Rt 333) ET SETE 
aesesceees Seraneetes oe 


- 
of 


Set 
siti 


SUPPLY VOLTS ( Yop) 


92CS -19970 


Fig. 4 — Typical clock input frequency vs. 
supply voltage. 


10° [AMBIENT TEMPERATURE (Ta)*25°C 
ALTERNATING "0" 
AND "i" PATTERN 


POWER DISSIPATION/PACKAGE (Pp) — pW 


— === CL *50pF 


— a oe 


10 ' 
INPUT CLOCK FREQUENCY (te) — kHz 
92CS-17806R3 


Fig. 5 — Typical dynamic power dissipation 
characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ty = 25°C, Input t,,t, = 20 ns, Cy = 15 pF, Ry = 200 k2 
LIMITS 


TEST 
CONDITIONS 


D, F, K,H 


CHARACTERISTICS PACKAGES 


CLOCKED OPERATION 


Propagation Delay 
Time: 


LH’ "PHL 
Transition Time: 

“THL’ 'TLH 
Minimum Clock 

Pulse Width, tw 
Maximum Clock 

Rise & Fall Time 

i 2) as (6 ag 
Minimum Setup Time: 

J/K Lines 


Parallel-In Lines 


Maximum Clock 
Frequency, fei 


Input Capacitance, C, Any Input 


RESET OPERATION 
Propagation Delay 


Time: 
teHL’ 'PLH 


Minimum Reset Pulse 
Width, tw 


CD4035A Types 


E 
PACKAGE UNIS 
Vpp 
(V) Typ. Typ. 


4] 


[50 
soo | 
250 


NO 
oi 
oO 


~” 


N 


100 | 
= 
200 
= 
[100 
[100 
= 
8 


= 
BE 


NO 
oO 
oO 


oe 
o;o 
gfe 


io) 
oO 


*If more than one unit is cascaded t-CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


Vv 
rors) 
Yoo 
Vv 
INPUTS OUTPUTS INPUTS 
Pa ° 
Yoo” YNH Vss 
es x 
° <i 
VAL 
NOTE: VSS 
TEST ANY COMBINATION 
OF INPUTS 92CS-2744) 
Vss 


92CS- 2740! 


Fig. 7 — Quiescent-device-current 
test circuit. 


Fig. 6 — Noise-immunity test circuit. 


Yoo 


INPUTS 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Voo AND Vss: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vss 


Vss 


9208-27402 


Fig. 8 — Input-leakage-current 
test circuit. 
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CD4037A Types 


CMOS Triple AND/OR Bi-Phase Pairs 


The RCA-CD4037A consists of three AND/ 
OR pairs driven by common control signals 
A and B. 


Each circuit has adata input (C), and two out- 
put terminals (D and E) that provide outputs 
in accordance with the truth table shown in 
Fig. 1. The circuit is useful for coding or de- 
coding signals for split-phase (Bi-phase) com- 
munication systems, magnetic recording, and 
plated wire and core memory systems. A sep- 
arate Vcc terminal is provided to allow level 
conversion to any voltage from 3 volts to Vpp. 
These types are Supplied in14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-leadceramic flat package 
(K suffix), and inchip form (H suffix). 


RECOMMENDED OPERATING CONDITIONS. For maximum reliability, nominal operating 


a ee ee ee 
———— Ls NRZ DATA 
9) 


MODULATED 


E 


CODING WAVEFORMS 
_F LPF tJ lL  wopurar 
c MODULATED 
DATA 
we te ee eee, 
CONTROL 
af taf oo i ba 
8 
etd | | NRZ 
: COMPLE MENTARY 
as ees iar) a 


OUTPUTS 
DECODING WAVEFORMS 


92CS-19953R2 


CD 4037A 
FUNCTIONAL DIAGRAM 


92CS-192.27 
Fig. 1 — Coding and decoding waveforms. 


Yss 
ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 


92CS -22887R1 


conditions should be selected to that operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For T a= Full 3 12 3 12 Vv 
Package- Temperature Range) 


CAUTION: Vcc VOLTAGE LEVEL MUST BE EQUAL TO OR LESS POSITIVE THAN Vpyp 


DYNAMIC ELECTRICAL CHARACTERISTICS a 
at Ta = 25 C, Input t,, te= 20 ns, Cy = 15 pF, Ry = 200k 


TEST 


CHARACTERISTIC CONDITIONS 


Propagation Delay Time: 
A and B Inputs 


tpHL 'PLH 


C Inputs 
"PHL 


Transition Time: 


High-to- Low Level, 


“THL 
Low-to-High Level, 
'TLH 


Features: 


LIMITS . : 
= Outputs compatible with low-power TTL 


systems. 


E UNITS ® High sink and source current (1.6 mA typ.) 
PACKAGE capability at Vpp = Vec = 10V and 


D, F,K,H 
PACKAGES 


Vps = 0-5 V. 

= Microwatt quiescent power dissipation: 
Pp = 0.5 uW/ceramic pkg. (typ.), Pp = 
2 uW/plastic pkg. (typ.) at Vpp = 10 V 


MAX. 


™ Quiescent current specified to 15 V 

= Maximum input leakage current of 1 UA at 
15 V (full package-temperature range) 

1-V noise margin (full package-temperature 
range) 


LIMITS ——— 

Applications: 

® Split-phase (Bi-Phase) communication sys- 
tems. 

= Disc, drum, and tape digital recording 
systems. 

® Plated wire and core memory systems. 

@ High-to-low logic level converter. 


Ww 

N 

o1 : 

fa 2 
> 
x 


200 
pity tf 
__v 
A,B,ORC ——— =—— = = = 90% ee 
350 INPUT Berea ere) Sener eee 50% 
Ga enc Na = 
| 100 | 7 _ 
90% —v 
INVERTING 2 
OUTPUT eo — = 150% 
DORE / a 
_ ——— ——— 10%, 
1 PHL "PLH 
'TLH 'THL 
20 NON-INVERTING —— a lh 
OUTPUT ——+4— ———50% 
DORE oe ee, aie (ON 


= PLH tPHL 


92CS-20079 


Fig. 2 — Waveforms for measurement of dynamic 


Ww 
NO 
o 
| 
| = 

= 
i = 

= 
|} 

B 


7 38 
slags 


characteristics. 
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MAXIMUM RATINGS, Abso/lute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tgtg) ..... 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vsg Terminal)......... 


POWER DISSIPATION PER PACKAGE (Pp): 
FOR Ta = -40 to +60° C (PACKAGE TYPE E) 
FOR Ta, = +60 to +85° C (PACKAGE TYPE E) 
FOR Ty = -55 to +100°C (PACKAGE TYPES D, F, K) 
FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 
ee eee -0.5 to Vpp +0.5 V 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max .......... 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


CHARACTERISTICS 


Quiescent Device 
Current, Th Max. 


Output Voltage: 
Low Level, 


Vou 
High Level 
Vou 


Noise Immunity: 
Inputs Low, 


VNL 
Inputs High 
VNH 
Noise Margin: 

Inputs Low, 
VNML 
Inputs High, 
VNMH 


Output Drive 
Current: 
N-Channel 
(Sink), 


IpDN Min. 


= < 
eo te te fe dole fafa fee fe fet 


P-Channel 
(Source): 


IpP Min. 


(V) 
fe 
|= 
i 
e 
a 
he 
a2 
ri 
rr 
au 
rr 
ni 
c 
: 
c 
r 


Input Leakage 
Current, 


Any Input 


TT 


e 8 © © © © © © © Bw we ee ele lle 


oe © ee © © © © © © © © © © © © © © © ew ew ew ew ew ew el tl hl hl hl hl hl hl tl 


-65 to +150°C 


-55 to +125° C 
-40 to +85°C 


-0.5 to +15 V 
ie GL wae hb Foe ee © 9s 500 mW 
. Derate Linearly at 12 mW/° C to 200 mw 
es ee ee 500 mw 


Derate Linearly at 12 mW/° C to 200 mW 


100 mW 


0 Typ.; 0.05 Max 
O Typ.; 0.05 Max 


4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


For quiescent device current, noise immunity, and input leakage current test circuits see 
“Ratings and Characteristics” at the beginning of the CMOS section. 


CD4037A Types 


| AMBIENT TEMPERATURE (Ta) «25 °C 
COLLECTOR SUPPLY VOLTS (Vcc) #5 
TEMPERATURE COEFFICIENT FOR ALL {/{/11: 
VALUES OF Vpp*0.3 %/*C + 


go SAEs belay bbe es 
yisie PRT TTT) OSTae EET Er toe ei hbehe 
cee SEO Lac LPL Eed pace lsces LEEDS 


3 


TRANSITION TIME (t ty))—ns 


LOAD CAPACITANCE (C,) — pF 
92CS-19224 
Fig. 3 — Typical transition time vs. 
load capacitance. 


AMBIENT TEMPERATURE (Ta) = 25 °C rH 
COLLECTOR SUPPLY VOLTS (Vcc)*5 HHH 


TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Vpp+0.3 %/°C 
Ly 


TRANSITION TIME (ty, 4) —n8 


sesssese. ese f 

pater Gn) 
paces 43 
SEE ad seas eee ER FER RE TE RET 
20 40 60 80 '00 


LOAD CAPACITANCE (C, ) — pF 


92CS-19225 
Fig. 4 — Typical transition time vs. 
load capacitance. 


| AMBIENT TEMPERATURE (Ta)=25 °C 
| COLLECTOR SUPPLY VOLTS(Vc¢)= 5 
| TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Vop «0.3 %/°C 


we 
eg 
EES 


$ ie ty 
+P ttts + hee 
iit ttt PeostiseehetetLortt pees it 
PEPE Seb EL Momet bas 
G59 889 a0 ob EHH Ch tay Os L igo gs 
+ + 5 ’ 
| 
see el aU 
ty 


e394 3335 
ttt 


PROPAGATION DELAY TIME (toy, .tp_y)—ns 


t = 
t 
seciffee ate 
ttt 
100 14 Lt tabert tt pbae* - 008! 
aaa oe TT 
f re gape=- Hitt} 
ASCE a capEEES OSES! °%¢ 25 cages Hed Cased ess 
pases sasseseseseeat peees eset Ht 
$444 TUT et rt 


40 60 80 100 
LOAD CAPACITANCE (C, ) — pF 
92Cs-19223 


Fig. 5 — Typical propagation delay time vs. 
load capacitance. 


( Vpp)#!5¥. 
g | 


BW 


———— Cc, -50 oF 


Cy =15 pF 


POWER DISSIPATION (Pp) PER AND-OR CIRCUIT 


100 103 104 105 106 
INPUT FREQUENCY (f) —Hz 

* PACKAGE CONTAINS 6 AND-OR CIRCUITS Beeslsedd 
@ 


Fig. 6 — Typical dissipation characteristics, 
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CD4040A Types 


CMOS 12-Stage 


Ripple-Carry . 
° Cc 4 /Di . d er Features: 2 
Binary ounter ivi = Medium-speed operation . . . 5 MHz (typ.) input pulse 4 
rate at Vpp — Vss = 10 V : 
The RCA-CD4040A consists of an input- = Low output impedance .. . 750 {2 (typ.) at Vpp — Vss 7 
pulse-shaping circuit and 12 ripple-carry = 10 V and Vps = 0.5 V 8 
binary counter stages. Resetting the counter = Common reset = Fully static operation 
to the all-O’s state is accomplished by a = All 12 buffered outputs available 
high-level on the reset line. A master- oe i ek TTL caninatbl 
slave flip-flop configuration is utilized for eel . sie " ‘ veal ale 
each counter stage. The state of the counter = Quiescent current specified to 15 V 
is advanced one step in binary order on the = Maximum input leakage current of 1 uA CD4040A 
negative-going transition of the input pulse. at 15 V (full package-temperature range) TERMINAL DIAGRAM 
All inputs and outputs are fully buffered. = 1-V noise margin (full package-temper- 
These types,are supplied in 16-lead hermetic ature range) 
duat-in-line ceramic packages (D and F Applications: 
suffixes), 16-lead dual-in-line plastic pack- ao . AMBIENT TEMPERATURE (T,) * 25°C 
age (E suffix), 16-lead ceramic flat package @ Frequency-dividing circuits 
’ 7 : 1 SESSS SSCS RESSSSe eRe esses eeees eeeesesesessese 
(K suffix), and in chip form (H suffix). = Time-delay circuits ™ Control counters "ECHL gee ro" seamed Wier Resin y EEE 


RECOMMENDED OPERATING CONDITONS at Ta, = 25°C, Except as Noted: 
For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges : 


DRAIN CURRENT (Ip)—mA 


ms fb: aBSSSSSSSEBEESEESEseUaseeseeseetaets 
PH HT 
CHARACTERISTIC i SS 


DRAIN — TO — SOURCE VOLTAGE (Vp)! -V 
92CS-21510 


Db. F,K,H E 
Package | ON" 
(v) 
3 
400 500 o 
110 


Fig.2 — Typical output n-channel 
drain characteristics. 


Supply Voltage Range (For Ta = Full 
Package-Temperature Range) 


Input Pulse Width, tw 
Input-Pulse Frequency, f 5 de 
e 10 dc 
5 15 
Input-Pulse Rise or Fall Time, tro.ttg 7 te 


Reset Pulse Width, ty ha 1000 


5 
10 


ORAIN- TO - SOURCE VOLTAGE (Vps)—V 


-15 
Sebaese 
eeese 

ae 

a 


yw —(9T) LN3YYND NIVHG 


AMBIENT TEMPERATURE (Ta) = 25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgg*-0.3%/°C 


92CS-2i5i! 


eT — Fig.3 — Typical output p-channel 


drain characteristics. 


+ . 
Q, OUT = (Q\)(CL)(R) 


¢ > O9 
Yoo ¢ — 
> TT 
12-STAGE 
\7 RIPPLE COUNTER 
x INPUTS , 
TO 2nd : 
_ | STAGE : 
5) = 
* Vss 

ALL INPUTS ARE 12 BUFFERED OUTPUTS 
PROTECTED BY ® R=HIGH DOMINATES (RESETS ALL STAGES) Vss °8 
COS/MOS PROTECTION «ACTION OCCURS ON NEGATIVE GOING Vpp #!6 ceca 
NETWORK TRANSITION OF INPUT PULSE. COUNTER 


ADVANCES ONE BINARY COUNT ON EACH 
NEGATIVE ¢@ TRANSITION (4096 TOTAL 
BINARY COUNTS). 


SGM ZOTSR NS Fig.4 —- Functional diagram. 


Fig.1 — Logic diagram of CD4040A input pulse shaper and 1 of 12 stages. 
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MAXIMUM RATINGS, Abso/ute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tyg) 62.0. ee cee cence eee cee een een —65 to +150°C 
OPERATING. TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D. FG). cctadecsduwavatd vadeeedsveuncned bapdranees —55 to +125°C 
PACKAGE TYPE E —40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vss TORMING ¢ o0 doe oe 00s 5h co oeen 66S Pee SMES Feet —0.5 to +15 V 


POWER DISSIPATION PER PACKAGE (Pp): 


FOR T p= —40 to +60°C (PACKAGE TYPE BE) 6... eee eee eee eee aes 500 mW 

FOR T,= +60 to +85°C (PACKAGE TYPE a ee Derate Linearly at 12 mW/°C to 200 mw 

FOR T, = -55 to +100°C (PACKAGE TYPES D, Fj techn dewensny ess ty vada weeds 500 mW 

FOR Ts = +100 to +125°C (PACKAGE TYPES D,F,K) ....- Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ty, = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)....... 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS » os cc nocd PeaR He Be Ge HDR a Ewe enen —0.5 to Vop +05 V 
LEAD TEMPERATURE (OURING SOLDERING): 

At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10s max. ............. +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (°C) 
—_ Conditions 
Characteristic 


D, F, K, H Packages 


Output Voltage: 


Low-Level, 0 Typ.; 0.05 Max. 
0 Typ.; 0.05 Max. 
4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 


High-Level 


< 
O 
ar 


Noise Immunity: 
Inputs Low, 1.5 Min.; 2.25 Typ. 

3 Min.: 4.5 Typ. 

1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


= 
N 


Inputs High, 


Noise Margin: 
Inputs Low, 
tie 
Inputs High, 
oe 


Output Drive 
Current: 
N-Channel 
(Sink). 

IDN Min. 
P-Channel 
(Source): 

IDP Min. 


< 
Zz 
— 


i 
i 


Input Leakage 
Current, 
Noo +10—5 Typ., +1 Max. 


CD4040A Types 


AMBIENT TEMPERATURE (Tg) ® 25°C 


TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF Vg5*-03%/°C 


75 ob LE ff dell pobopappedeeaazged top rf tb een 
eee Lae so a 


TO- ‘SOURCE VOLTAGE (Vgg)#15 V+ +444 


5 H met tt TT EE LE 
Ip EY td ae 
Hy 


DRAIN CURRENT (Ip)——mA 


ass a seace 

=e ESSER 8 Sessseccceuesucesecaua 

an SESES aUSR ER Rese HEeHe 
2.5 5 7.8 10 125 15 


DRAIN — TO ~ SOURCE VOLTAGE (Vps) -V 
92CS-21512 


Fig.5 — Minimum output n-channel 
drain characteristics. 


DRAIN - TO - SOURCE VOLTAGE (Vpg)—V 


Seeeene8 esses pape i 
seeue Hs VEE sar 4 


ww —(9T) IN3uYND NIVEG 


AMBIENT TEMPERATURE (Tg) * 25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgg*-0.3%/°C 


92CS-21513 


Fig.6 — Minimum output p-channel 
drain characteristics. 


| AMBIENT TEMPERATURE (Ta )= 25°C 

= TH TYPICAL TEMPERATURE COEFFICIENT 

Postisas teres + AT ALL VALUES OF Vpp++0.3%/°C 
o 20 4 460 480 100 

LOAD CAPACITANCE (C; )— pF 92¢5-21514 


PROPAGATION DELAY TIME (toy, tp, yrs 


Fig.7 - Typical propagation delay time vs. 
load capacitance (per stage). 


AMBIENT TEMPERATURE (Tx )* 25°C 
TYPICAL TEMPERATURE COEFFICIENT H 
AT ALL VALUES OF Vopp=+0.3 % 


2 
a 
= 
- 
~ 
a 
=z 
- 
= 
wi 
2 
- 
g 
— 
a 
Ft 
« 
- 


40 60 \ 
LOAD CAPACITANCE (C,)— pF 
92CS- 20754 


Fig.8 — Typical transition time vs. load 
Capacitance. 
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CD4040A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input t,, tg = 20 ns, 
CL = 15 pF, Ry = 200 kQ 


LIMITS 


Test Conditions D.F.K.H : 
Characteristic »F, A, 
Vpp Packages Package 
(V) 


Typ. | Max. | min.| Typ.] Max. 


Input-Pulse Operation 


Propagation Delay 
Time, 
tPLH. tPHL® 


Transition Time, 
tTHL. tTLH 
Frequency, fo 


Minimum Input-Pulse | 
Width, ty f=100 kHZ 
Input-Pulse Rise & 
Fall Time, tr. tegl 
Average Input . 
Capacitance, C, ny Input 


Reset Operation 


[250 [600 | "* 
j2so [soo |" 


4 Maximum input rise or fall time for func- 


© Measured from the 50% level of the negative 
input pulse edge to the 50% level of either tional operation. 
the positive or negative edge of the Q1 out- * Measured from the positive edge of the re- 
put (pin 9); or measured from the nega- set pulse to the negative edge of any output 
tive edge of Q1 through Q11 outputs to (Q1 to Q12). 
the positive or negative edge of the next 
higher output. 


Yoo 
Yoo 
INPUTS 
Voo ‘ 
Vss 
INPUTS OUTPUTS 
Yoo” Ynx 
oe + 
° - 
YNL 
NOTE 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT Ves 
szcs-2nog “OO ON Yes 92c$- 2740) 
Fig. 11-— Noise-immunity test circuit. Fig.12 — Quiescent-device-current test circuit. 
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a 


NY 
TAVATAN 
2m aret 


POWER DISSIPATION/ PACKAGE (Pp) — »wW 


————— LOAD _ CAPACITANCE (C__)#ISpF 
——=—=— Cy, *50pF 


INPUT FREQUENCY (fg) —KHE oo. ose 


Fig.9 — Typical dissipation characteristics. 


Seeae 
isHte4 GBSS2 2SS8R SARSS CSTSS GSSSS Reuss 
HE esuees 
et BRERGERTORSRE GEE 
8 itt dy 


Seease saesenacanuen | de 
SRGEE SSRRS SEETE SEBS skew 
Basan eeee petit t, 


INPUT PULSE FREQUENCY (f ¢)—MHz 


see eeegae 
P2e8 


A eee 
Oo 5 10 15 20 
SUPPLY VOLTS (Vpo) 
92CS-27544RI 


Fig.10 — Typical input-pulse frequency 
vs. supply voltage. 


INPUTS 
Yoo NOTE 
a One MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Voo AND Vg 


CONNECT ALL UNUSED 
PUTS TO EITHER 


Yss 


92CS-27402 


Fig.13 — Input-leakage-current test circuit. 
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CMOS Quad 
True/Complement 
Buffer 


The RCA-CD4041A types are quad true/ 
complement buffers consisting of n- and 
p-channel units having low channel resistance 
and high current (sourcing and sinking)capa- 
bility. The CD4041A is intended for use as 
a buffer, line driver, or COS/MOS-to-TTL 
driver. It can be used as an ultra-low power 


resistor-network driver for A/D and D/A 
conversion, as a transmission-line driver, and 
in other applications where high noise im- 
munity and low-power dissipation are pri- 
‘mary design requirements. 


These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Abso/lute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T.,4) 


OPERATING- TEMPERATURE RANGE (Ty): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E................. 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgc Terminal) 


POWER DISSIPATION PER PACKAGE (Pp): 
FOR T= —40 to +60°C (PACKAGE TYPE E) 
FOR T,= +60 to +85°C (PACKAGE TYPE E)) 


FOR T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR T, = FULL PACKAGE- TEMPERATURE RANGE (ALL PACKAGE TYPES) 


INPUT VOLTAGE RANGE, ALL INPUTS....... 
LEAD TEMPERATURE (OURING SOLDERING) 


At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10s max. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 
Supply Voltage Range (For Ta = Full Package 
Temperature Range) 


Yoo 


* 
INPUT 


Vss 


ALL INPUTS PROTECTED 


BY COS/MOS PROTECTION 
NETWORK 


I og 
HH fe coe 


—65 to +150°C 


—55 to +125°C 
—40 to +85°C 


nde wetheaes Ga —0.5 to +15 V 
500 mW 
Derate Linearly at 12 mW/°C to 200 mW 
500 mW 
_ Derate Linearly at 12 mW/°C to 200 mW 


100 mW 
—0.5 to Vop +0.5 V 


+265°C 


COMPLEMENT 
OUTPUT 


92CS- 20035R1 


Fig.1 — CD4041A schematic diagram. 


CD4041A Types 


N=D 


Vgg77 


Vop*!4 92CS-20034R! 


Features: 


True Output 
= High current source and sink capability 
8 mA (typ.) @ Vps =0.5 V, Vpp = 10 V 
3.2 mA (typ.) @ Vps = 0.4 V, Vpp =5 V 
(two TTL loads) 
Complement Output 
= Medium current source and sink capability 
3.6 mA (typ.) @ Vps = 0.5 V, Vpp = 10 V 
1.6 mA (typ.) @ Vps = 0.5 V, Vpp =5 V 
@ Quiescent current specified to 15 V 
= Maximum input peakage of 1 vA at 15 V 
(full package-temperature range) 
® 1-V noise margin (full package temperature 
range) 


Applications: 

we High current source/sink driver 
CMOS-to-DTL/TTL Converter 
Display driver 

MOS clock driver 

Resistor network driver 
(Ladder or weighted R) 

= Buffer 

@ Transmission line driver 
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CD4041A Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C and CL = 15 pF, Ry = 200 kQ 


TEST LIMITS 
CONDITIONS D, F, K, H E 


Package 
True 
Output 


| MAX. | TYP. | MAX. | 

115 | 65 

| 75 | 40 | 100 | 
Comp. 100 | 55 | 125 | 
Output | 45 | 


30 
True 
Output 


CHARACTERISTIC UNITS 


Propagation Delay Time: 


High-to-Low Level 
tPHL 


— |N] NM ee) 
WoO; ol; © 
= 
NO 
on 
pa 
NO 
on 


Low-to-High Level 0 | 75 | 45 | 
‘PLH Comp. 100 | 45 | 
Transition Time: oe 
High-to-Low Level Output 10 | 25 | 13 | 40 | 
tru | Comp. [8 | 40 | 60 | 40 | 60 
oe, PE ee 
Low-to-High Level Output f1006[ 613 | 25 | 13 40 | 
mun poo, [5 | 35] 55 | 35 | 75 
output [10 | 25 | 40] 25 | 50 
frescoes co fAwimf | Ss | | s [= | 


SUPPLY VOLTAGE (Vpp)*I5v ++ ++ + 

suaaaannas H 

ees seese een ea 

e r+t+ +++ ys eee 

eases t 

BSS SeeeReeeee 
SESeeeaae 


AMBIENT TEMPERATURE 
(Ta )= 25°C 


OUTPUT VOLTAGE (Vo) -Vv 
TTT TI II ITII ITI iii yyrryi tty 
OUTPUT VOLTAGE (Vo) -Vv 


-—————> 


15 
INPUT VOLTAGE (Vy)-v 92C5- 20045 


° 

n 

. 

orn 
28 

@ 

ro) 

nN 


INPUT VOLTAGE (V;)-V 92c$-20004 


Fig.11 — Minimum and maximum transfer charac- 


Fig.10 — Minimum and maximum transfer charac- am 
teristics — complement output. 


teristics — true output. 


AMBIENT TEMPERATURE 
(Ta) = 25°C 


AMBIENT TEMPERATURE 
(Ta) = 25°C 


TRANSITION TIME (tyH.)- 9S 
PROPAGATION DELAY TIME (tpLH)nS 


LOAD CAPACITANCE (C,_)-PF 
92CS - 20048 


LOAD CAPACITANCE (CL)- PF 
92CS - 20047 
Fig.14 — Typical low-to-high level propagation 
delay time vs. Cy — true output. 


Fig.13 — Typical high-to-low level transition 
time vs. Cy — complement output. 


: 


DRAIN CURRENT (Ip) 


5 10 
ORAIN-TO-SOURCE VOLTAGE (Vpg)-V 

92CS- 20042 
Fig.8 — Minimum output n-channel drain charac- 
teristics —complement output. 


DRAIN CURRENT (Ip)-mA 


masa en 
! 1ON PER OUTPUT 
5 (100 mw) hi 


DRAIN- TO- SOURCE VOLTAGE (Vps)-V aie deans 


Fig.9 — Minimum output p-channel drain charac- 
teristics — complement output. 


AMBIENT TEMPERATURE 
50 (Ta) = 25°C 


+ 
(2) 


TRANSITION TIME (tTLH, tTHL)-1S 


LOAD CAPACITANCE (C,_)- PF 
92CS - 20046 


Fig.12 — Typical transition time vs. 
CL — true output. 


PROPAGATION DELAY TIME (tp_H)nS 


10 2 Bs 40 50 60 70 80 90 
LOAD CAPACITANCE (C,_)- PF 


92CS -20049 


Fig.15 — Typical low-to-high level propagation 
delay time vs. C, — complement output. 
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CD4041A Types 


MAXIMUM AVERAGE Sh Bee wage 2] AMBIENT TEMPERATURE | 
DISSIPATION po ho oe GSH er (Ta)? 25°C 
Big eas Ine 80008 SaaSe 20088 80004 O0008 


CE VOLTAGE (Vgg) =|5V 


STATIC ELECTRICAL CHARACTERISTICS 


-mA 


DRAIN CURRENT (Ip) 
$8 8 8 32 


tie 
iH 


orm 


HI OTHER INPUTS 
i GROUNDED 


ihe} 


é 
8 


ee ts. 
35,8 


Output Voltage: 


Low-Level, O Typ.; 0.05 Max. 


0 Typ.; 0.05 Max. 


5 Te) 
DRAIN - TO-SOURCE VOLTAGE (Vps)-V 


* 
3EE FIG.17 FOR INPUT RISE ANO FALL 92CS- 20036 
TIME LIMITATIONS 


4.95 Min.; 5 Typ. Fig.2 — Typical output n-channel drain charac- 
9.95 Min.; 10 Typ. teristics — true output. 


Noise |!mmunity: 
Inputs Low, 


VNL 
jaf - | 5 | 
van fee] = [10 [3 Min Tye 


a 
sesscescss 
eececcagceces 
pabsh iol ows 3. 


Nowe Marain: Tye] ts fain, 
Inputs Low, OTHER INPUTS 

GROUNDED 

SSS eT SES 
= GATE - TO- SOURCE VOLTAGE (Vgg )* -15V3: 
Se be eae ae 

Hag Esa een 


aq 
E 
' 
f-) 
“= 
- 
z 
w 
& 
oO 
z 
< 
4 
fa) 


Output Drive 


= =10 5 0 
Current: DRAIN-TO- SOURCE VOLTAGE (Vos) -V 
92CS -20037 
N-Channel ; - ~ - 
SIAR) Fig.3 — Typical output p-channel drain cherac 
: ; 3 ical output p-chann - 
IpDN Min. ‘ : 19 yp putp 


teristics — true output. 


P-Channel 
(Source) 
IDP Min. 


| MAX. AVERAGE DISSIPATION 
PER OUTPUT (100mW) 7 


Input Leakage 
Current, 
Ne. WH 


DRAIN CURRENT (Ip)- mA 


git di clues ae 
Ss, ee eset aed Gee ett an (tes ett rove eet ete ee 
tif - cor ee uepeney 
BP dette Arma HELE 
‘a Es iE 
Fess fies: pases test itt: oa5$2 fochseees: 
5 15 
DRAIN-TO-SOURCE VOLTAGE (Vpg) -V 
SEE FIG.17 FOR INPUT RISE AND FALL 92CS ~20038 
TIME LIMITATIONS 


” -Sefts 


ee 
= 


Fig.4 — Typical output n-channel drain charac- 
teristics — complement output. 


AMBIENT TEMPERATUR 
(Ta)= 25°C 

MAXIMUM AVERAGE DISSIPATION 

PER OUTPUT (100 mw) 


8 


+t +44 ie 

Sea Tl eae 
cote 
VOLTAGE (Vgg) #-1SVit:z1 HEH 


tite 
edeces 
tree RSSS PITRE FISTS FBSRs 
seen Shop eeose sposhtanasoss 

oe eo os oS 8 oe ph eas heogooe- 

oe of ptaehe ott etin 
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DRAIN CURRENT (Ip)-mA 


3 


DRAIN CURRENT (Ip) - mA 
$ 


Ape ae (100 mw ) 
2 ee jeesensenasssaene . sSSuESsd asec iscsics: SSS cssassccsscassesesssssssssecss 
. 2 bp i seeceseesecese escessesese 10 5 -15 -10 5 
ee eee eee os) J a ee VOLTAGE (Vps)-V ORAIN-TO-SOURCE VOLTAGE (Vps)-V ‘i 
92CS- 20039 2cs-2004! 
92CS- 20040 
Fig.5 — Typical output p-channel drain charac- Fig.6 — Minimum output n-channel drain charac- Fig.7 — Minimum output p-channel drain charac- 
teristics — complement output. teristics — true output. teristics — true output. 
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CD4041A Types 


92Cs- 27401 
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Fig.18 — Quiescent device current test circuit. 


92CS-2005R: 
TO BOTH Vpp AND Vgs; 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


MEASURE INPUTS 
Vop OR Vss° 


NOTE: 
SEQUENTIALLY, 
92CS-27402 


Vss 


rise & fall time per output pair. 
INPUTS 


Fig.20 — Input leakage current test circuit. 


Yoo 


Fig.17 — Typical power dissipation vs. input 
Vss 


Vpo OR Vss- 


92C5- 2005 


Fig.16 — Typical power dissipation vs. 
WITH OTHER INPUTS AT 


TEST ANY ONE INPUT, 


OUTPUTS 
NOTE: 


92CS- 27400 


FREQUENCY (f) Hz 
Vss 


frequency per output pair. 


INPUTS 
Fig.19 — Noise immunity test circuit. 
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CMOS Quad Clocked “D” Latch 


The RCA-CD4042A types contain four latch 
Circuits, each strobed by a common clock. 
Complementary buffered outputs are availa- 
ble from each circuit. The impedance of the 
n- and p-channel output devices is balanced 
and all outputs are electrically identical. 

Information present at the data input is 
transferred to outputs Q and O during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 


and POLARITY levels defined above are 
present. When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolu te-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T stg) 

OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal): 

POWER DISSIPATION is PACKAGE (Pp): 

i FOR Ta, = —40 to +60" °c (PACKAGE TYPE E) 


FOR Ta = +60 to +85°C (PACKAGE TYPE E ) 
FOR T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
= +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FORT, 


a ee Se ae eee —65 to +150°C 


a was ee & Ee ese an oa os —55 to +125°C 
; seh ad te oats Eade eres —40 to +85°C 


eae: Da Be Be BP a SH & AUR Bw wR —0.5to+15V 


. .Derate Linearly at 12 mw/°C to 200 mW 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)....... 100 mW 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING): 


Se CREWS ew HEH RO —0.5 to Vpp +0.5 V 


At distance 1/16 1/32 inch (1.59 0.79 mm) from case for 10smax.............. +265°C 


CHARACTERISTIC 


Propagation Delay 


Time: tPHL, tPLH 
Data In to Q 


Data In to fe} 


Clock to OQ 


Clock to O 


Transition Time: 
tTHL. tTLH 


Minimum Clock 
Pulse Width, tw 

Minimum Hold 
Time, ty 


Minimum Clock Rise 
or Fall Time: t, , tf 


Input Capacitance, Cy 
(Any Input) 


Time, ts 


Ry, = 200 K&2 


LIMITS 


D, F, K,H FE UNITS 

a eae 
es 150 
75 


CD4042A Types 


POLARITY 
6 
VppO“& 
VssO- 
CD4042A 
FUNCTIONAL DIAGRAM 


92CS- 20191 


Features: 


Clock polarity control 

Q and O outputs 

Common clock 

Low power TTL compatible 
Quiescent current specified to 15 V 


Maximum input leakage of 1 WA at 15 V 


(full package-temperature range) 


1-V noise margin (full package-temperature 


range) 
Applications: 
@ Buffer storage 


@ Holding register 
@ General digital logic 


92CS-20/190R) 


ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


CLOCK| POLARITY 


Ee 
a 
a> 


am 
a a ie al 
[2 [carer 
ca ke 
fearon 


Fig. 1 — Logic block diagram & truth table. 
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CD4042A Types 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. or eee 


. . ene . . ons TYPICAL TEMPERATURE COEFFICIENT FOR Ip*-0.3%/°C 
For maximum reliability, nominal operating conditions should be selected so that seegesess 


oe 
operation is always within the following ranges: : 
LIMITS 


VDD | DFKH E 
(V) Packages Package 
350 
175 


CHARACTERISTIC 


DRAIN CURRENT (Ip)—mA 


Seeeseeguecuene 
GSReaRa 


*<GeaneeeEEs 


Supply-Voltage Range 
(For Ta = Full Package 
Temperature Range) 


Clock Pulse 
Width, tw 


fe) 25 5 75 10 12.5 15 


ORAIN — TO — SOURCE VOLTAGE (Vps)-V 
92CS- 20186R! 


Fig. 2 — Typical output n-channel drain 
characteristics. 


Setup Time, ts 
DRAIN~ TO - SOURCE VOLTAGE (Vos) —V 


Eereecesr a 


Hold Time, ty 


Not rise or fall time sensitive. 


Clock Rise or Fall 
Time: t,, t¢ 


seee OR SCRSEORERTCOHSD” .CFRSSHCE TERS 
ange SSS GGSG8 Feeenee-_caseesseesssasasceces 
esase PPP eta t | 


ww —(97) iN3uuAD NIVEO 


STATIC ELECTRICAL CHARACTERISTICS 


CETTE 
AMBIENT TEMPERATURE (Tg) = 25°C ° 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip *-0.3%/°C 


Limits at Indicated Temperatures (°C) 


Conditions 
D, F, K, H Packages 


Characteristic 92¢5- 20187 

| 4250 

Vo VIN VDD . +125 +85 Fig. 3 — Typical output p-channel drain 
(V) (V) (Vv) | Typ. |Limit characteristics. 

Quiescent Device |_—_|- | 5 | 1 [0.005] 1 | 60 | 10 |0.01| 10 | 140 | 

Current,  Max.| = |—| 10 | 2 |o.005| 2 [120 [20 Jo.c2| 20 [260 | HA 


Output Voltage: |} Jos] 5 | 0 Typ.; 0.05 Max. 


vor |= paoto| ——Typs005me | 


High Level, 4.95 Min.; 5 Typ. 
VOH 9.95 Min.; 10 Typ. 
Noise Immunity: 1.5 Min.; 2.25 Typ. 

Inputs Low, 

VNL 

Inputs High, 1.5 Min.; 2.25 Typ. 

VNH 3 Min.; 4.5 Typ. DRAIN - TO - sounce ou (Vp) 
Noise Margin: 

Inputs Low, 

VNML 

Inputs High, 

VNMH 


AMBIENT TEMPERATURE (Tg) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip = - 0.3% /°C 


15 BOR SCSC RHR TAE RRR SK 
BOGGS 880088888" ~ ~.. .cecseseenen Beasesesuesse 


HPASGATE - TO - SOURCE VOLTAGE ( 


€04042A0,CD40424K, 
CO4042AF 


: aa eas C04042AE |- —-— 
PA Ht) 
Pept) S¥| 
25 . 
92CS- 20188 


Fig. 4 — Minimum n-channel drain characteristics. 


DRAIN - TO - SOURCE VOLTAGE (Vns)—V 
-15 -'0 -5 te] 


AMBIENT TEMPERATURE (Ta) = 25 °C HHP 
Sie eee 


Output Drive 
Current: 
n-Channel 
(Sink), 

IDN Min. 


ee-3 ." 458 
needa it | 
SEG06 CESS S CERES SUSSS SSESeeseeeseesene” 7. .8888 
pierefe epee ttt iat tl fio vit tt pea eons 
Hts tate tt sues seer 2° —_me’. 
SERRE RRAGaEe SeeesSeeeseeung0 rr” 2088 
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(2 {os | 
pohannel | a5 |— | 5 Loss| -1 [0.98|-025|-02| -1 fo.175)0.15 | 
ipP iin, | 86 | ~ | 10 [1-16] -2 |-09| 08 boss) -2 [oss | 0. | 


Input Leakage 
An 92CS-20m0 
seedling aa ns #107° Typ.; 1 Max. Fig. 5 — Minimum p-channel drain characteristi 
Nye, lyH Max. g- imum p-channel drain characteristics. 


p-Channel 


C04042A0,CD4042aK, 
CD4042 AF 


oe 
-—- CO4042AE 


566 


NOTE | 
CLOCK 
Cl. 
NOTE 2 
| | 
| | 
LATCH LOW | | 
DATA | | 
| 
DATA 
INPUT Lets ole ty | 
D 
| | 
LATCH HIGH | | 
DATA | 
| } 
| | 
LOW DATA! | 
LATCHED | | 
| | 
Q 
OUTPUT 
HIGH DATA 
LATCHED 
tpHL> tpLH ‘PHL tPLH 
DTOQ ORG CL TOQ ORG 
NOTES: 


|. FOR POSITIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS LOW. 

2. FOR NEGATIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY 1S HIGH. 


92CS-27630 
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CLOCK FREQUENCY (fc¢,)— Hz 
92CS- 20200 


Fig. 11 — Typical dissipation characteristics. 


AMBIENT TEMPERATURE (Ty) = 25°C 


nN ao 
g 
o 


8 


PROPAGATION DELAY TIME (tow, tpi) — ns 


LOAD CAPACITANCE (C,) — pF 
92CS-2763! 


Fig. 7 — Typical propagation delay time vs. 
load capacitance— data to Q. 
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LOAD CAPACITANCE (C,) — pF 
92CS-27633 


Fig. 9 — Typical propagation delay time vs. load 
Capacitance — clock to Q. 


Voo 
INPUTS 


Vss 
92cS- 27401 


Fig. 12 - Quiescent device current test circuit. 


INPUTS 
Yoo NOTE 
One MEASURE INPUTS 

° SEQUENTIALLY, 

Vss TO BOTH Vp AND Vss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Yoo OR Vss- 
Yss 


92CS-2740¢ 


Fig. 14 — Input leakage current test circuit. 


CD4042A Types 


25°cH 


PROPAGATION DELAY TIME (tpy, tp_y) — 98 


LOAD CAPACITANCE (C,) — pF 
92CS-27632 
Fig. 8 — Typical propagation delay time vs. load 


capacitance — data to 6. 
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LOAD CAPACITANCE (C,) — pF 
92CS-27634 
Fig. 10 — Typical propagation delay time vs. load 


capacitance — clock to Q. 


Voo 
INPUTS OUTPUTS 
Yoo “nw 
= Mi 
o - 
VANE 
NOTE 
Vss TEST ANY COMBINATION 
OF INPUTS 
92c3-2744) 


Fig. 13 — Noise immunity test circuit. 
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CD4043A, CD4044A Types 


CMOS Quad 3-State 
R/S Latches 


Quad NOR R/S Latch — CD4043A 
Quad NAND R/S Latch — CD4044A 


The RCA-CD4043A types are quad cross- 
coupled 3-state CMOS NOR latches and the 
CD4044A types are quad cross-coupled 
3-state CMOS NAND latches. Each latch 
has a separate Q output and individual SET 
and RESET inputs. The Q outputs are con- 


‘ 8 
trolled by 2 common ENABLE input. A log CD4043A —s-Vss_—g¢5-20221R1 
i saqer 1 H 92CS-20222 
nects the latch states to the Q outputs. A 
logic ‘0’ or low on the ENABLE input , Features: 
disconnects the latch states from the QO out- Applications. 
puts, resulting in an open circuit condition ; Ses ; @ 3-Level outputs with common 
on the Q outputs. The open circuit feature - Holding register in multi- output ENABLE 
allows common busing of the outputs. The register system ® Separate SET and RESET inputs 
logic operation of the latches is summarized = Four bits of independent for each latch 
in the truth table shown in Fig. 1. . storage with output ENABLE ™ NOR and NAND configurations 
These typesare suppliedin 16-leadhermetic inane a teas ® Quiescent current specified to 15 V 
dual-in-line ceramic packages (D and F enare ; ; 
. . . . a 
suffixes), 16-lead dual-in-line plastic pack- eis input leakage of 1 ae at 15 V 
age (E suffix), 16-lead ceramic flat packages ull package-temperature range 
(K suffix), and in chip form (H suffix). = 1-V noise margin (full package-temperature 
range) 
MAXIMUM RATINGS, Absolu te-Maximum Values: CD4043A-NOR 
STORAGE-TEMPERATURE RANGE (T stg) dev ee ee Ok we AW ae dew SOS ww o ew —65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ta): 5 
FAGRAGETYFESU.F- RA bee ee CED Rew ee ee Cee EE EES —55 to +125 C 
° 
PACKAGE TYPE E .......... Ph Te fa, bo BO OAS Rw A we We Ce —40 to +85 C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgsg Terminal): ©... 1. ee ee es —0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR Ta, = —40 to +60 C (PACKAGE TYPE BE) 66 646% E09 4055 bE RE HS HESS 500 mW 
fe) 
FOR Ta = +60 to +85°C (PACKAGE TYPE E) ...... Derate Linearly at 12 mW/ C to 200 mW : 
FOR Tp = -55 to +100°C (PACKAGE TYPES D,F,K) ......... ccc veces nvveas 500 mw - 
FOR Tp = +100 to +125°C (PACKAGE TYPES D,F,K) .. .Derate Linearly at 12 mw/°c to 200 mW : 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR : Vpo 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)....... 100 mW teen: aiwnaie foe a 
== + NO CHANGE IN R 
INPUT VOLTAGE RANGE, ALL. INPUTS .4¢5 .c 420% cree ian Seow aw es 0.5 to Vpp +0.5 V Saad sah ees bean : 
LEAD TEMPERATURE (DURING SOLDERING): SS 
° 92CS-202li ALL INPUTS ARE PROTECTED BY 
At distance 1/16 £ 1/32 inch (1.59 £0.79 mm) from case for 10smax..... 00.0 sees +265 C COS/MOS PROTECTION NETWORK 
92CS-22887RI 
RECOMMENDED OPERATING CONDITIONS at Tp = 25°C, Except as Noted. SPOS NAN 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC 


5 
E 
Supply-Voltage Range Poona L @ 


(For Ta = Full Package 
Temperature Range 


ae ee 


Set or Reset Pulse 
Width, ty 


*OPEN CIRCUIT 
+ NO CHANGE 


OS DOMINATED BY R=0O INPUT 
92CS- 20212 


Fig. 1- Logic diagrams and truth tables. 
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STATIC ELECTRICAL CHARACTERISTICS 


ee Limits at Indicated Temperatures (°C) 
Conditions 
D, F, K, H Packages 


Characteristic 


Quiescent Device 
Current, I Max. 


Output Voltage: 
Low-Level, 


VOL 
High Level, 4.95 Min.; 5 Typ. 
VOH 9.95 Min.; 10 Typ. 


Noise Immunity: 7 
nuts Low, 1.5 Min.; 2.25 Typ. 


inputs High, 
VNH 3 Min.; 4.5 Typ. 
Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 


V 


Output Drive 
Current: 
n-Channel 
(Sink), 

IDN Min. 


p-Channel 
(Source), 
IpP Min. 
Input Leakage 
Current, 


Ne WH 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C; Input t,, te = 20 ns, Cy = 15 pF, 
Ry = 200 k2 


D, F, K, al 


CHARACTERISTIC Packages 


Propagation Delay 
Time: tpy., tpLH 
SET or RESET toQ 


3-State Propagation Delay 
Time: ENABLE to OQ 


tPHZ + tPZH 


tpLz. tPZL 
Transition Time: 
tTHL: tPLH 


Minimum SET or RESET 
Pulse Width, ty 


Average Input Capacitance, C, 
(Any Input) 


CD4043A, CD4044A Types 
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ry | 
sageagesee 
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HEHE 
seeeeazat 
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DRAIN CURRENT (Ip}—mA 
fo) 
TH 
St 
ate 
ASL 
Trot : es ae 
oo Sencces 
+ Wee 
eet t\ + 
ttt 
basi 
++ 


DRAIN-TO- SOURCE VOLTAGE ivps)—V 


92CS- 20215 
Fig.2 — Typical output n-channel! drain 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (V¥o5)—V 


Ta): 25°C | 
PLT] ] TYPICAL TEMPERATURE COEFFICIENT [ 
tt+t24 FOR Ipz-0 3 % /°C } 


Ty ETT AMBIENT TEMPERATURE | 


. -15 -10 be} ie) 
oo ame see woe 
+++ 
eal E 
am arelobs 
EAT : 
aired it : 
E 15 4 
: ann Bee aD 
sonsecusceese ¢ 
e a 
; Be lae « 
He had: 
“oh yt oa eee a e 
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ae ia j “3 5 
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92C5-20216 


Fig. 3 — Typical output p-channel drain 
characteristics. 


- AMBIENT TEMPERATURE (Tal=25°c — fife TRE HS 
1) | TYPICAL TEMPERATURE COEFFICIENT [: 433 


FOR Ip:-0.3 % /°C 


atts 
pecea: 
vanes 
it 
28 
. 
es. 
pgasupoucne: 
+ 
$4444 ++ 
oa 
HHH 
Hf 


DRAIN CURRENT (Ip)—mA 


C0404 3AK, AD 
~~ CD 4044AK, AD 
_ CD4043AE 
CD 4044AE 


5 - 10 
DRAIN-TO-SOURCE VOLTAGE (Vps5)—V 
92CS-20217 
Fig. 4 ~ Minimum n-channel drain characteristics. 


DRAIN-TO- SOURCE VOLTAGE (Vps)—V 


-15 -! 


q 
€ 
‘a 
ad 
be 
z 
Prat ws 
CD4043AK,AD Hit 7 & 
ryt CD4044AK,AD HH 3 
eee 
CD4043AE HtH-8 0 oz 
co4oa4aae 6 4 
3: : Hig = & 
Se 
thoes ++ ~10 
SS & HiT 
Sed 20-6: : eee e 
SSEESERE Fon towns y/ec EES | 
92CS-20218 


Fig. 5 — Minimum p-channel drain characteristics. 
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CD4043A, CD4044A Types 


es | ares = = ca 
a 108] AMBIENT TEMPERATURE (Ta )= 25°C =a = : =s 
350’ AMBIENT TEMPERATURE (Ta)= 25°C. AMBIENT TEMPERATURE (Ta )* 25°C ITF sees sesas z Bae ee {I = ele 
rm oe TEMPERATURE COEFFICIENT 1? TYPICAL TEMPERATURE COEFFICIENT FH . ee a 10° ie) ee ie 1-4 a. TI 
»s ° z ° ra sa oS 
' 400 FOR Ip7 03% /°C FOR Ip? 0.3 % /°C +4 aeaae | a aes Ho va =. 
2 FA FEY Ht etssaeesess a a a i 5 
Z ae anit odeaeasestatateaisitetanoats Se oe eer ee 
= +++ | 250 tH at Ht w 10 === tt-—+ Op rte = 
z 280 : a gO eas See 
. : q i HH it erect a a ~T Tenet a ; 
a t ral ALS lo geet tt tas = 148 ite A 
|= 200 H+ ttt . Af BERE +4 ue caceay o TH esi H > 10> 7 tt Lot Hh (as at, | 
Peisscscgsss Pe CaecscescesesussasenpreD--adscciae H a Sr soe wa ee aa as FH 
= ges oa ai) A A or TT 
sess ease aeasses HEHE 3 see ssttee HHH H Fi ar Ae mae 
 solt eet tH = sop eo 5 mat ate HH a = Par ae ae ++ 
x opt tt ttt Me F50ec Semen eRe ange a ee rt ge a LT 
a PE 2 HAH : HH 3 0 ae SH 
& Htth -F FO ert + Ss 5 ELA Lon capacitance =o 
Sicsaate Le > ;oKEet eee itt t CATA aT cis oF a 
% 1oor+H 5 Pore s a Lat 1 1 Cr sls.e - 
e i Seuebssdes cessscseeistesassisstes=7>-2c0<=cczsee So Le eer u+50 er = — TT 
5: in e AHH 5° ae Se 
& a S50r+t Soeer =a -oseaseaeeees a waa ai tt A soe 
a ++ 2 rst +++-+ . ++ A eo en + 
g aa ecescanescresescesesccssseaes: ete an ai 
e t + +++ ttt TT T 3 4 5 6 ? 
S L 10 10 10 fe) 40 
Oo 10 30 40 50 60 70 460 90 0 10 = 203800 400 5800 INPUT FREQUENCY — Hz 
Tan CAPACITANCE (Ci) — pF LOAD CAPACITANCE (C, )—pF 92C$- 20201 
92CS-20219 92CS$-20220 
Fig. 6 — Typical propagation delay time vs. Cy. Fig. 7 — Typical transition time vs. Cy. Fig. 8 — Typical dissipation characteristics. 
Yoo 
Vv 
INPUTS 
° 
Vss Voo Vo 
INPUTS OUTPUTS INPUTS 
00° “NH Voo NOTE 
oy, + One MEASURE INPUTS 
° y ° SEQUENTIALLY, 
VNL i Vss TO BOTH Vop AND Vss; 
= CONNECT ALL UNUSED 
NOTE INPUTS TO EITHER 
Vgs TEST ANY ONE INPUT, Yoo OF Vas: 
92CS- 27401 Vss WITH OTHER INPUTS AT Vss 
g2cs- 27809 YOO OR Vss 
92CS-27402 
Fig. 9 — Quiescent device current test circuit. Fig. 10 — Noise immunity test circuit. Fig. 11 — Input leakage current test circuit. 
rc 
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2 
| 5 
BUS A 6 
8 
pa 
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a3 
a 
ENABLE —— ae 
LOAD A O— 
ENABLE A Q——————- 
------ 
(— 
| | 
2 
| = 
BUS 8 J “Te! 
| [8 
|—— "po 
50% Ye 50 % | = 
ENABLE | Vss te 
t > = | | : = 
ean me/> Yo Load 8 O— 
POINT toy 
(IN® Vpp TN Ves) PHZ 1/3 Vop ENABLE 8 QO 
POINT A % 2/3 Vop OUTPUT 
(IN®*Vss,INe= Vop) DATA 
t EY 
PZL s1/3Voo 
PLZ a eh 
coso,_—d 
92C$-27597 ( | 
Fig. 12 — ENABLE propagation delay time test circuit and waveforms. ere Guskee 
BuSC ie 
APPLICATIONS | ] 
| 
Yoo \ | 
1/4 €04043 1/4 €04044 ——— Facies ton Ain See. sl 
LOAD C O— 
ENABLE C Q————_—_ sacra emai 
° I “coa001~ 
OD ‘fac. 
| 2 
5 
BUS D | : —6! 
| 8 
| 9 
12 
3 
LOAD D — 
(a) VoD ENABLE 0 Q—--~—--— o— 
92CS-20209RI 92cL 202.0R1 
Fig. 13 — Switch bounce eliminator. Fig. 14 — Multiple bus storage. 
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CMOS 21-Stage Counter 


The RCA-CD4045A is a timing circuit con- 
sisting of 21 counter stages, two output- 
shaping flip-flops, two inverter output 
drivers, three 5.5-V zener diodes (providing 
transient protection at 16.5 V), and input 
inverters for use in a crystal oscillator. The 
CD4045A configuration provides 21 flip- 
flop counting stages, and two flip-flops for 
shaping the output waveform for a 3.125% 
duty cycle. Push-pull operation is provided 
by the inverter output drivers. 

The first inverter is intended for use as a 
crystal oscillator/amplifier. However, it may 
be used as a normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors. In this device, the 
sources of the p and n transistors have been 
brought out to package terminals. If external 
resistors are not required, the sources must 
be shorted to their respective substrates (Sp 
to Vop. Sh to Vos). See Fig. 2. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Applications: 


@ Digital equipment in which ultra-low 
dissipation and/or operation using a 
battery source are primary design 
requirements. 

@ Accurate timing from a crystal 
oscillator for timing applications 
such as wall clocks, table clocks, 
automobile clocks, and digital 
timing references in any circuit 
requiring accurately timed outputs 
at various intervals in the counting 
sequence. 

® Driving miniature synchronous motors, 
stepping motors, or external bipolar 
transistors in push-pull fashion. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tgtg).... = + 

OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 


POWER DISSIPATION PER PACKAGE (P): 
FOR Ta= —40 to +60°C (PACKAGE TYPEE) ... 
FOR Ta= +60 to +#85°C (PACKAGE TYPEE) ... 
FOR T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


re ee eee _65 to +150°C 


ee re ween ee _55 to +125°C 
ndaiewaneubecsd eaetueas ~40 to +85°C 


—0.5 to +15 V 


o. iey ie a oe a a we 


FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) «2-40 eh ws 100 mW 


INPUT VOLTAGE RANGE, ALL INPUTS......... 
LEAD TEMPERATURE (DURING SOLDERING): 


peak ae eee ee ees —0.5 to Vpp +0.5 V 


At distance 1/16 +1/32 inch (1.59 0.79 mm) from case for 10s max... .......0200065 +265 C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For T a=Full 
Package-Temperature Range) 


Input-Pulse Width, tw 


VDD 


CD4045A Types 


4,5,6,9,10,11,12,13= 


NO CONNECTION 
92CS - 20943 


CD4045A 
FUNCTIONAL DIAGRAM 


Features: 


@ Microwatt quiescent dissipation...... 
2.5 LW (typ.) @ Vpop=95 V; 


10 LW (typ.) @ Vpp = 10 V 
@ Very low operating dissipation...... 
1 mW (typ.); @ Vpp = 5 V, fo = 1 MHz 
® Output drivers with sink or source 
capability ...... 
7 mA (typ.) @ Vo = 0.5 V, 
Vpop = 5 V (sink) 
5 mA (typ.) @ Vo = 4.5 V, 
Vpp = 5 V (source) 


™ Medium speed (typ.)..... 
fp = 5 MHz @ Vpp =5 V 
fo = 10 MHz @ Vonp =10V 


@ 16.5 V zener diode transient protection 
on chip for automotive use 

@ Quiescent current specified to 15 V 

@ Maximum input leakage current of 1 UA 
at 15 V (full package-temperature range) 

@ 1-V noise margin (full package-temper- 
ature range) 


: To minimize power dissipation in the 
zener diodes, and to ensure device 
dissipation less than 200 mW, a 150 
current-limiting resistor must be placed 
in series with the power supply for 
Vop713 V. 


: Observe power-supply terminal connec- 
tions, Vpp is terminal No. 3 and Vgg is 
terminal No. 14 (not 16 and 8 respec- 
tively, as in all other CD4000A Series 
16-lead devices). 
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CD4045A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input t, ,t; = 20 ns, 
Cy = 15 pF, Ry = 200 kQ 


n-CHANNEL DRAIN CURRENT (IpN)—mA 


LIMITS 


OE a Oe | 
Packages 


TEST 
CONDITIONS 


m 


CHARACTERISTIC 


y 


Propagation Delay Time: 
@ to y or y+d out 
tPLH. tPHL 


S 
nee. 
P 
0 
S 


~S 
on 


Transition Time: 
tTHL- tTLH 


Maximum Input-Pulse 
Frequency, imo 


Minimum Input-Pulse 
Width, tw 


Input-Pulse Rise & Fall 
Time; td, teh 


Average Input 


Capacitance, C; Any Input 


sielel aie] 


n-CHANNEL DRAIN CURRENT (IpN)—mA 


w& 
~S 
o 


REFER TO error i 3 
NOTES ICAN 6086 1 ore, Vee 
OR ICAN 6539 FOR | 

THE CHOICE OF Sp 

OSCILLATOR 

COMPONENT VALUES O Q 


AND TYPICAL OSCILLATOR | 
CURRENTS 


Be 


Al : 
R 


F/F2) 


2.097152 
MHz 


fe-1/32 Sec 
7 172 SEC pes 
y+a 
t EXTERNAL | SCHEMATIC OF 
COMPONENTS FIRST INVERTER 92CM-20895 


Fig. 3 — CD4045A and outboard components in a typical 21-stage counter application. 
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HHH Sv Toy 
SSSSsS82Ss sseszsbse55 
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bobreet ert 


setiiess 
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TYPICAL POWER DISSIPATION/PKG 


TT 
H THiottt CD4045AY 


108 10 


p-CHANNEL DRAIN CURRENF (IpP)—mA 


“| PLASTIC PACKAGE —— AMBIENT TEMPERATURE (Ta, }=25°C 
CERAMIC PACKAGE ——— 

5 

SUPPLY VOLTAGE 

(Vop)*I5 Vv 


AMBIENT TEMPERATURE (Tg )= 25°C pence seat Ht ttt is 10 10 10 10 
TYPICAL TEMPERATURE COEFFICIENT [17> t INPUT FREQUENCY (f¢)—Hz 
AT ALL VALUES OF VG6s2-0.3 %/°C iit 92CS-201I5RI 


92CS-20899RI 
Fig. 5 — Minimum output p-channel drain 


characteristics. (21 counting stages). 


Fig. 6 — Typical dissipation vs input frequency 


ZENER DIODE CURRENT (I7)—mA 


AMBIENT TEMPERATURE (Ta)=25°C 
TYPICAL TEMPERATURE COEFFICIENT 
AT ALL VALUES OF Vgs=-0.3 %/°C 
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Siete 
svi 


tt 
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a 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-2089 


Fig. 1 — Typical output n-channel drain 
characteristics. 


AMBIENT TEMPERATURE (Ta)=25°C 
TYPICAL TEMPERATURE Soe era ; 


° 2 4 6 8 10 12 
DRAIN TO SOURCE VOLTAGE (Vp¢)—v 
92CS- 20897 
Fig. 2 — Minimum output n-channel drain 


characteristcs. 


DRAIN TO SOURCE VOLTAGE (Vps)—v 
aly’ -10 =o -6 -4 =2 0 


gaccucccsuccsscssscs 
aacesssaseses 
eases: gcceccses= 
see = > oede. 
(4 OF Fo 


it aaa 
ATT EE: 


pD-CHANNEL DRAIN CURRENT (InP)—mA 


(Ta )= 25°C 
TYPICAL TEMPERATURE COEFFICIENT (21; 
ALL VALUES OF VGgg=-0.3 %/°C 
TTT ry rT TT 


sees 


92CS-20896R! 
Fig. 4 — Typical output p-channel drain 
characteristics. 
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Fig. 7 — Typical zener diode characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (°C) 


D, F, K, H Packages E Package 


Characteristic +2 
+25 | os ae 
Typ.| Limit Typ. Limit 


Quiescent Device 
Current I, Max. 


2< 
=< 
if ise 
alslo|es 
=o 
Bis s| 3 | 
| 
8 


Output Voltage: 
Low-Level, 

VO 
High Level 
VOH 
Noise Immunity: 
Inputs Low, 

VNL 
Inputs High 
VNH 
Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 


0 Typ.; 0.05 Max. 


0 Typ.; 0.05 Max. 
4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


Output Drive 
Current: 
n-Channel 
(Sink) 

IDN Min. 


p-Channel 
(Source): 
IpP Min. 
Input Leakage 

Current, 
Ne. YH 


Zener Breakdown 
Voltage, V(BR )Z 


> 
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=) 
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fee) 
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(et) 
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NOTE: 
Vss TEST ANY COMBINATION 
Vss OF INPUTS 
92CS- 27401 92CS-27441 


Fig. 11 — Quiescent-device-current 
test circuit. 


Fig. 12 — Noise-immunity test circuit. 


CD4045A Types 


TO y OR y+d OUT) PROPAGATION DELAY TIME 
( tpi! PLH ms 


(Oy 


SUPPLY VOLTAGE (Vpp)—- V 


92cS-20955 
Fig. 8 — Typical propagation delay (Dy to 
y or ytd out) vs Vpp. 
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Fig. 9 — Typical transition time vs C,. 
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MAX INPUT-PULSE FREQUENCY (fm¢) — MHz 


16 


SUPPLY VOLTAGE (Vpp)—V 


92CS- 27475 


Fig. 10 — Typical maximum input-pulse 
frequency. 
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MEASURE INPUTS 

SEQUENTIALLY, 

Vss TO BOTH Vpp AND Vss: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss- 
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92CS-27402 


Fig. 13 — Input-leakage-current test circuit. 
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CD4046A Types 


CMOS Micropower Phase-Locked Loop 


The RCA-CD4046A CMOS Micropower 
Phase-Locked Loop (PLL) consists of a low- 
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


VCO Section 


The VCO requires one external capacitor C1 
and one or two external resistors (R1 or 91 
and R2). Resistor R1 and capacitor C1 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required. The high input 
impedance (101282) of the VCO simplifies 
the design of low-pass filters by permitting 
the designer a wide choice of resistor-to- 
capacitor ratios. In order not to load the 
low-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). If this 
terminal is used, a load resistor (Rs) of 10 
kQQ or more should be connected from this 
terminal to Vss. If unused this terminal 
should be left open. The VCO can be con- 
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators. A full CMOS logic 
swing is available at the output of the VCO 
and allows direct coupling to CMOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059. One or more CD4018 (Preset- 
table Divide-by-N Counter) or CD4029 (Pre- 
settable Up/Down Counter), or CD4059A 
(Programmable Divide-by-’’N’’ Counter), to- 
gether with the CD4046A (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer. A logic 0 on the 
INHIBIT input ‘‘enables’’ the VCO and the 
source follower, while a logic 1 ‘‘turns off” 
both to minimize stand-by power consump- 
tion. 

Phase Comparators 


The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within CMOS logic levels [logic 
"0" <30% (Vpp—Vss), logic “1° 2 70% 
(Vpp-—Vss)]. For smaller swings the signal 
must be capacitively coupled to the self- 
biasing amplifier at the signal input. 

Phase comparator I is an exclusive-OR net- 
work; it operates analagously to an over- 
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre- 
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to Vpp/2. The low-pass filter 
connected to the output of phase comparator 
| supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (fo). 


The frequency range of input signals on 
which the PLL will lock if it was initially 
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Features: 


= Operating frequency range up to 1.2 MHz (typ.) 


Very low power consumption: 
70 uW (typ.) at VCO fg = 10 kHz, Vpp =5 V 


at Vpp = 10 V 


m= Wide supply-voltage range: Vpp — Vss=5 


to 15 V 
Low frequency drift: 0.06%/°C (typ.) 
at Vpp = 10 V 


Vpo 
© GATES 


am ol 


Vss 
ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 


92CS-—22887R! 


Fig.1 — COS/MOS phase-locked loop block diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T.,,) 
OPERATING- TEMPERATURE RANGE (Ty) 
PACKAGE TYPES D, F, K, H- 
PACKAGE TYPE © inca a cedeur vy: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vg Terminal) 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR T ,= —40 to +60°C (PACKAGE TYPE E) 


FOR Tp= +60 to +85°C (PACKAGE TYPE E) 


92CS-20006RI 


Choice of two phase comparators: 
1. Exclusive-OR network 
2. Edge-controlled memory network with 
phase-pulse output for lock indication 


= High VCO linearity: 1% (typ.) 


VCO inhibit control for ON-OFF keying 

and ultra-low standby power consumption 
Source-follower output of VCO control input 
(Demod. output) 

Zener diode to assist supply regulation 
Quiescent current specified to 15 V 
Maximum input leakage current of 1 uA 

at 15 V (full package-temperature range) 


Applications: 


FOR T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
FOR Tq = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T, = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES)....... 


INPUT VOLTAGE RANGE, ALL INPUTS... 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 


out of lock is defined as the frequency cap- 
ture range (2f¢). 

The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range (2f\_). The capture range is < the 
lock range. 


With phase comparator I the range of fre- 
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range. Phase-com- 


1/32 inch (159 + 0.79 mm) from case for 10 s max. 


FM demodulator and modulator 
Frequency synthesis and multiplication 
Frequency discriminator 

Data synchronization 
Voltage-to-frequency conversion 
Tone decoding 

FSK — Modems 

Signal conditioning 

(See ICAN-6101) “RCA CMOS 
Phase-Locked Loop — A Versatile 
Building Block for Micropower 
Digital and Analog Applications” 


—65 to +150°C 


—55 to +125°C 
—40 to +85°C 


—0.5 to +15 V 


500 mw 
Derate Linearly at 12 mW/°C to 200 mW 
500 mw 
aes Derate Linearly at 12 mW/°C to 200 mw 


100 mW 


+265°C 


parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 

One characteristic of this type of phase com- 
parator is that it may lock onto input fre- 
quencies that are close to harmonics of the 
VCO center-frequency. A second charac- 
teristic is that the phase angle between the 
signal and the comparator input varies be- 
tween 0° and 1802, and is 909 at the center 
frequency. Fig. 2 shows the typical, trian- 
gular, phase-to-output response characteristic 


AVERAGE OUTPUT 
VOLTAGE 


AVERAGE OUTPUT VOLTAGE —V 


@0° 


te) 90° 


SIGNAL-TO- COMPARATOR 
INPUTS PHASE DIFFERENCE 


92CS-20009 


Fig.2 — Phase-comparator | characteristics 
at low-pass filter output. 


of phase-comparator I. Typical waveforms 
for a CMOS phase-locked-loop employing 
phase comparator I in locked condition of fo 
is shown in Fig. 3. 


SIGNAL INPUT (TERM. I4) j | j | 
VCO OUTPUT (TERM 4)= 
COMPARATOR INPUT j l f 


(TERM 3) 


PHASE COMPARATOR I 
OUTPUT (TERM. 2) 


—Voo 
VCO INPUT (TERM.9)= NS 
* LOW-PASS FILTER 
OUTPUT —Vss 
92CS-20010RI 


Fig.3 — Typical waveforms for COS/MOS phase- 
locked loop employing phase comparator 
I in locked condition of fo. 


Phase-comparator II is an edge-controlled 
digital memory network. It consists of four 
flip-flop stages, control gating, and a three- 
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or n-MOS drivers are ON they 
pull the output up to Vpp or down to 
Vss, respectively. This type of phase com- 
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
control the PLL system utilizing this type 
of comparator. If the signal-input fre- 
quency is higher than the comparator-input 
frequency, the p-type output driver is main- 
tained ON most of the time, and both the 
n and p drivers OFF (3 state) the remainder 
of the time. If the signal-input frequency 
is lower than the comparator-input frequen- 
cy, the n-type output driver is maintained 
ON most of the time, and both the n and 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator- 
input frequencies are the same, but the 
signal input fags the comparator input in 
phase, the n-type output driver is main- 
tained ON for a time corresponding to the 
phase difference. If the signal- and com- 
parator-input frequencies are the same, but 
the comparator input lags the signal in phase, 
the p-type output driver is maintained ON 
for a time corresponding to the phase dif- 
ference. Subsequently, the capacitor voltage 
of the low-pass filter connected to this phase 
comparator is adjusted until the signal and 
comparator inputs are equal in both phase 
and frequency. At this stable point both p- 
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 


CD4046A Types 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


Supply Voltage Range (For Ta = Full Package 
Temperature Range 


ELECTRICAL CHARACTERISTICS at Tq = 25°C 


Test Conditions 


All Package Types 
Vo |VpD 
Volts } Volts | Min. | Typ. | Max. | 


Characteristic 


Phase Comparator Section 


Operating Supply Voltage, Vpp—Vss 


Total Quiescent Device Current, IL: 
Term. 14 Open 


VCO Operation 


Comparators onl 


Term. 15 open 
Term. 5 at Vpp 


Terms. 3 & 9 at VSs 


See Fig.7 


Vo 
Phase Comparator 0.5 5 0.43 
5 
1 


Term. 14 at Vss or Vpp 


Term. 14 (SIGNAL IN) 


Input Impedance, 


AC-Coupled Signal Input 


Voltage Sensitivity * 
(peak-to-peak) 


DC-Coupled Signal Input 


and Comparator Input 


Voltage Sensitivity 
Low Level 


High Level 


Output Drive Current: 


n-Channel (Sink), 


0.5 
Phase Comparator 45 5 —0.3 | —0.6 
1& Il Term. 2&13 } 9.5 0 | -0.9 | —1.8 
[ rrwerases |e | io [aoe 
Phase Pulses 95 10 |-025 
re Sachem | Ae ff S 


p-Channel (Source), 


SIGNAL INPUT (TERM. 14) 


VCO OUTPUT (TERM 4)= 
COMPARATOR INPUT 
(TERM 3) 


PHASE COMPARATOR II 


ee eae Serre eee eae! Be 


OUTPUT (TERM. 13) Se ee +” 
-Vss 
-V, 
VCO INPUT (TERM. 9) = 00 
* LOW-PASS FILTER -Vsg5 
OUTPUT y 
PHASE PULSE (TERM. |!) if : @ i Mes 


NOTE: DASHED LINE IS AN OPEN- CIRCUIT CONDITION 92CS -2001IRI 


Fig.4 — Typical waveforms for CMOS phase-locked loop 
employing phase comparator IT in locked condition. 
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CD4046A Types 


ELECTRICAL CHARACTERISTICS at T, = 25°C 


Limits 


— Test Conditions 
Characteristic All Package Types 


Volts| Volts | Min. | Typ. | Max. | 


Operating Supply Voltage As fixed oscillator only 
Vpp-Vss Phase-lock-loop operation 


EVE 


fo=10kHz Ry=1MQ 


Operating Power Som 
Dissipation, Pp 2° VCOIN = “Bp 


C1 = 100 pF 


Ci = 50 pF 


Programmable with external components R1, R2, and C1 


oO 
NO Ww 
oO 

NO 

> 

oO 

oO 


Maximum Operating 


= 
chs 
N 


Frequency, fmax 


—_— |= 
or] © 


Center Frequency (fg) and 
Frequency Range, 

fmax—fmin See Design Information 

VCOIN = 2.5V+0.3V,R1>10k2 

=5V+25V,R1> 400 kQ2 


=7.5Vt5V,R1=1MQ 


Linearity 


° 
Xf 


Temperature-F requency 
Stability®: 
No Frequency Offset 
fMIN = 0 nba 
0.06—0.12 
0.05—0.1 


0.03—0.06 


Frequency Offset 


Input Resistance of 
VCO\N (Term 9), Ry 


_ _ _— _ —= —_— 


on 
pan 
i=) 
— 
on 


P< fe 


VCO Output Voltage 
(Term 4) 
Low Level, 


on 
—_— 
Oo 
on 


VOL 


Driving CMOS-Type 9 4.99 
High Level, Load (e.g. Term 3 10 9.99 
Phase Comparator Input) 14.99 


VCO Output Duty Cycle 


VCO Output Transition 
Times, tTHL. tTLH 


3 


VCO Output Drive 
Current: 
n-Channel (Sink), 


IDN 


p-Channel (Source), IpP 


Source-F ollower Output 
(Demodulated Output): 
Offset Voltage 

(VCOIN—VDEM) 


0.5 0.43 0.86 
0.5 2.6 


=§t25V 


Linearity 


= 7515 V 


Zener Diode Voltage (Vz) 17 =50 yA 


Zener Dynamic I are 
Resistance, em 


® Positive coefficient. 


on 
N 
ERop | 
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Moreover the signal at the ‘phase pulses” 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full VCO frequency range. More- 
over, the power dissipation due to the low- 
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 
the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 
independent of the low-pass filter. With no 
signal present at the signal input, the VCO 
is adjusted to its lowest frequency for phase 
comparator II. Fig. 4 shows typical wave- 
forms for a CMOS PLL employing phase 
comparator II in a locked condition. 


DESIGN INFORMATION 


This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Locked-Loop system. 
The selected external components must be 
within the following ranges: 


Phase 


Characteristics Comparator 


VCO Frequency 


For No Signal Input 


Frequency Lock 


10 k22 <R1, R2,RS <1 MQ 
C1 2100 pF at Vpp 25 V; 
C1250 pF at Vpp 2 10 V 
In addition to the given design information 


refer to Fig.5 forR1, R2, and C1 component 
selections. 


Design Information 


Yoo’? Yop 


VCO INPUT VOLTAGE 
92CS-20012RI 


Same as for No.1 
VCO will adjust to center frequency, fo 


VCO will adjust to lowest operating frequency, fmin 


, 2 ft = full VCO frequency range 
2 fL = fmax—fmin 
Same as for No.1 


IN R3 ouT (1), (2) 
2 


I 1,J27fL 


TieR3C2 ¢ 


Range, 2 fL 


Frequency Capture 
Range, 2 fo 


Loop Filter 
Component 


Selection 


Phase Angle Between 
Signal and Comparator 


TYPICAL CENTER FREQUENCY 
UNIT-TO-UNIT VARIATION 
t/to- % 


(At/to)— 


%o 
EY 


TYPICAL fin 
UNIT- TO-UNIT VARIATION 


% 


NED wy am NBD 


fo) 
us 


FREQUENCY OFFSET (fyiy)—Hz 


~ 
I 
| 
oO 
- 
> 
Vv 
z 
wd 
> 
°o 
Ww 
a 
w 
a 
Ww 
- 
z 
w 
) 


AMBIENT TEMPERATURE (Ta)* . 
6] VCOIN® Vpp/2,R2* @, INHIBIT* VSs 


©F AMBIENT TEMPERATURE (Ta)= 25°C 
VCOIN: VSS INHIBIT = Veg 


iS Ss 
2 468 2 468 2 4 68 2 468 2 468 2 468 
10°> io" * 103 0? 10"! 


VCO TIMING CAPACITOR (Cl) —pF VCO TIMING CAPACITOR (CI) —pF 
92CS-21883RI 
92CS-21ARa™ 


Fig.5(a) — Typical center frequency vs C1 for 


Fig.5(b) — Typical frequency offset vs C1 for 
R1=10kQ, and 1 MQ and fg ~ 1/R1 C1. ig.5(b) — Typi quency 


R2= 10 kQ, 100k, and 1 MX. 


NOTE: Lower frequency values are obtainable if larger values of C1 
than shown in Figs. 5(a) and 5(b) are used. 


CD4046A Types 


AMBIENT TEMPERATURE (Ty, )#25°C 


twax WHEN VCO i "Yop, INHIBIT * Ves 
fwin WHEN VCO\n 


gg 


TYPICAL twax/ tryin 
UNIT-TO-UNIT VARIATION 


fax twin 


2 468 . © 20, 2 468 2 4 68 


R2/Ri 92CS-21885RI 


Fig.5{c) = Typical fmax/tmin vs R2/R1. 


VCOIN *Vop/2 ,R2°0 
INHIBIT * Vgs 


VCO POWER DISSIPATION (Pp )—pW 


92CS- 21686 


Fig.6(a) — Typical VCO power dissipation at center 
frequency vs R7. 


AMBIENT TEMPERATURE (T,g)= 25°C 
VCOIN* sg 


fo) 
> 
NV BOD NN 


Cl= 50 pF 
lpr 


50 pF 
IF 


bnrD 


nw 


50 pF 
| wr 


VCO POWER DISSIPATION (Pp)-uW 
fo) 


R2-KN 
92CS-21887 


Fig.6(b) — Typical VCO power dissipation at 
fmin vs R2. 


AMBIENT TEMPERATURE (T,)=25°C 
VCOIN® Vpp/2, RI#R2*@ 


SO 2CE FOLLOWER POWER DISSIPATION (Pp)—ypW 


Rs- KN 


g92cs-21888 


Fig.6(c) — Typical source follower power dissipation 
vs Rs. 


NOTE: To obtain approximate total power dissipation of PLL system for no-signal input 
Pp (Total) = Pp (fo) + Pp (fain) + Pp (Rs) — Phase Comparator I 


Pp (Total) = Pp (fnayn) — Phase Comparator II 
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Fig.7 — Typical lock range vs signal input amplitude. 
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DESIGN INFORMATION (Cont'd): 


Phase 
Comparator 
Used 
Locks On Harmonic of 
Center Frequency 
Signal Input Lt 
Noise Rejection 


Design Information 


VCO WITHOUT OFFSET VCO WITH OFFSET 
R2 = 0o 


— Given: fo 
— Use fg with Fig.5a to 
determine R1 and C1 


VCO 
Component 
Selection 


— Calculate fg from 
the equation 


—Use fg with Fig.5a to 
determine R1 and C1 


For further information, see 


— Given: fo and fi 

— Calculate fryin from 
the equation 
fmin = fo-fL 

— Use fmin with Fig.5b 
to determine R2 and C1 


max 
— Calculate f.3 
min 


from the equation 
f max - fo + fi 


fmin fo- ft 


f 
— Use mex with 


fmin 
Fig.5c to determine 
ratio R2/R1 to obtain 
R1 
— Given: fmin & fmax 
— Use fmin with Fig.5b 
to determine R2 and C1 


f 
— Calculate 02% 
min 
f 
= with Fig.5c 


min 
to determine 
ratio R2/R1 to 
obtain R1 


(1) F. Gardner, ‘‘Phase-Lock Techniques’’ John Wiley and Sons, New York, 1966 
(2) G.S. Moschytz, ‘‘Miniaturized RC Filters Using Phase-Locked Loop’’, BSTJ, May, 1965. 


AMBIENT TEMPERATURE (Tg )#25°C 
— Von SV, VCOims 75 V ¢5V,R2=0 
| 
Cl =50 pF 
100 pF 


AMBIENT TEMPERATURE (Tag)= 25°C 


SUPPLY VOLTAGE Vop#5V, fo*250 KHz 
oe 


—+ 


AMBIENT TEMPERATURE (Ty )=25°C 
Vop=!1OV ,VCOiye5Vt25V ,R2=0 


0 OO! pF 
O01, OlpF 


i 
z 
Ww 
—) 
« 
w 
a 

| 
> 
i 
a 

i! 
ww 
z 
J 


H(2 Sv) +t(12 $v) 
a aie 


fo-1(7 5v) 
% LINEARITY = ———_——_—_ 


4° 648 é 4 68 é 468 ,e2 


2 4 6 2 4 6 8 io! \ 10 10° 


81000 
PEAK -TO-PEAK SIGNAL INPUT VOLTAGE (Vy)—mv 


92CS- 21889 


! 
4°68 


PER CENT 
a 


LINEARITY 


f(2 5v) +f (75V) 
2 


' | 

to-f(5v) 
ee 
fo 


% LINEARITY = 


% a 2 4 68 2 4 68 2 
if 
10 10 \ 10 


Fig.8(a) and (b) — Typical VCO linearity vs R1 and C1. 
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CMOS Low-Power 
Monostable/Astable 
Multivibrator 


The RCA-CD4047A consists of a gatable 
astable multivibrator with logic techniques 
incorporated to permit positive or negative 
edge-triggered monostable multivibrator 
action with retriggering and external count- 
ing options. 

Inputs include +TRIGGER, —TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXTERNAL RESET. Buffered outputs are 
Q, O, and OSCILLATOR. In all modes of 
operation an external capacitor must be con- 
nected between C-Timing and RC-Common 
terminals, and an external resistor must be 
connected between the R-Timing and RC- 
Common terminals. 

Astable operation is enabled by a high level 
on the ASTABLE input. The period of the 
square wave at the O and O Outputs in this 
mode of operation is a function of the ex- 
ternal components employed. ‘’True” input 
pulses on the ASTABLE input or ‘‘Com- 
plement’ pulses on the ASTABLE input 
allow the circuit to be used as a gatable 
multivibrator. The OSCILLATOR output 
period will be half of the Q terminal output 
in the astable mode. However, a 50% duty 
cycle is not guaranteed at this output. 


In| the monostable mode, positive-edge 
triggering is accomplished by application of 
a leading-edge pulse to the +TRIGGER 
input and a low level to the —TRIGGER 
input. For negative-edge triggering, a trailing- 
edge pulse is applied to the -TRIGGER and 
a high level is applied to the +TRIGGER. 
Input pulses may be of any duration relative 
to the output pulse. The multivibrator can 
be retriggered (on the leading edge only) by 
applying a common pulse to both the 
RETRIGGER and +TRIGGER inputs. In 
this mode the output pulse remains high as 
long as the RETRIGGER input is high, with or 
without transitions. 


An external countdown option can be impie- 
mented by coupling ‘‘Q’’ to an external 
“‘N’’ counter and resetting the counter with 
the trigger pulse. The counter output pulse is 
fed back to the ASTABLE input and has a 
duration equal to N times the period of the 
multivibrator. 

A high level on the EXTERNAL RESET 
input assures no output pulse during an 
“ON” power condition. This input can also 
be activated to terminate the output pulse at 
any time.In the monostable mode, a high- 
level Or power-on reset pulse, must be 
applied to the EXTERNAL RESET when- 
ever Vpp is applied. 


CD4047A Types 


These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Features: 


™@ Low power consumption: special 
COS/MOS oscillator configuration 

® Monostable (one-shot) or astable 
(free-running) operation 

@ True and complemented buffered 
outputs 

@ Only one external R and C required 

@ Quiescent current specified to 15 V 

@ Maximum input leakage current of 
1 uA at 15 V (full package-temperature 
range) 

@ 1-V noise margin (full package-temper- 
ature range) 
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CD4047A 
Terminal Diagram 


Astable Multivibrator Features: 


@ Free-running or gatable operating modes 
@ 50% duty cycle 

7 ; # Oscillator output available 
Monostable Multivibrator Features: M Good astable frequancy stability: 


Frequency deviation: 
=+2% + 0.03%/°C @ 100 kHz 
=+0.5% + 0.015%/°C @ 10 kHz 
(circuits “trimmed” to frequency 
Vpp =10V Ka 10%) 


Applications : 
Digital equipment where low-power dissipa- 
counter provision tion and/or high noise immunity are primary 
@ Fast recovery time essentially independent — design requirements: 
of pulse width @ Envelope detection 


@ Positive- or negative-edge trigger 

= Output pulse width independent of 
trigger pulse duration 

™ Retriggerable option for pulse width 
expansion 

® Long pulse widths possible using small 
RC components by means of external 


® Pulse-width accuracy maintained at duty @ Frequency multiplication 
cycles approaching 100% ® Frequency division 
R @ Frequency discriminators 
C @ Timing circuits 
a R-TIMING @ Time-delay applications 
© 
[Re N Te Cee ee eo 
| COMMON SS OSCILLATOR OUT 6 
ASTABLE 
os Pe RETRIGGER | RETRIGGER 
ER | 
| ASTABLE 
MULTIVIBRATOR 
- TRIGGER Q 
@©—— o] MONOS TABLE FREQUENCY > (0) 
+TRIGGER | CONTROL DIVIDER Q 
a | (+2) So? () 
EXTERNAL 
@Vo0 RESET 9) 
@Vss Aber Ge een samen feces seen weiege Gees ean eas 


92CS- 20026R2 


Fig. 1 — CD4047A logic block diagram. 


MAXIMUM RATINGS, Absolu te-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) Srece Gd os AVA SG e & HL Gre oS oe ee we oe me @ —65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E«..86 6.8 «© % ba we eee eH OH DE Oe 


-55 to +125°C 
-40 to +85°C 


Pe ee a Ca Ce, i ee a i | ee, er er 


ey 


(Voltages referenced to Vgg Terminal): . 2... 2... es —0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp) 


FOR Ta=—40 to +60°C (PACKAGE TYPE E) ..... 0.00. c ee eee eee eee 500 mw 
FOR Ta= +60 to +85°C (PACKAGE TYPEE) ........., Derate Linearly at 12 mW/°C to 200 mW 
FOR T, = -55 to +100°C (PACKAGE TYPESD,F,K).. 2.0.0.0 0000000 eee 500 mW 


FOR Tay = +100 to +125°C (PACKAGE TYPES D,F,K)..... 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS..............0. 0.0080 2+ ee eae 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 +1/32 inch (1.59 0.79 mm) from case for 10s max............-000% +265 C 


CD4047A Types 


RECOMMENDED OPERATING CONDITIONS at T a= 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that . 
operation is always within the following ranges: seasssaeuace sueeseeaseesee 


LIMITS 
D, F, K,H E UNITS 
CHARACTERISTIC Vpp | Packages Package 


GATE-TO-SOURCE VOLTAGE (Vgs)* 15 V [7 


HH ee + H+ ++44-H 


mA 
8B RERTRST SESS EROS ease 
O 5 


Input Pulse Width, tw 
(Any Input) 


DRAIN-TO-SOURCE VOLTAGE (Vps)— Vv 
92CS-21386 


Fig. 2 — Typical output n-channel drain 
characteristics for Q and Q buffers. 


Trigger, Retrigger 
Rise or Fall Time, t, , ts 


Supply-Voltage Range (For Ta=Full 
Package- Temperature Range) 


AMBIENT TEMPERATURE (Tg) * 25°C 
TYPICAL TEMPERATURE COEFFICIENT AT ALL VALUES 
OF Vgs*-0.3 %/°C 
#0 SREGE TSRCS TESTER SRAVESERRReeee 
eee 


STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (°C) 


Characteristics 


< 
fe) 
= 
z 

< 
S) 
o 


Ss 


n- CHANNEL DRAIN CURRENT (IpN)—mA 


Quiescent Device 
Current |, Max. 


DRAIN-TO-SOURCE VOLTAGE (Vps)— Vv 
92CS-21387 


Fig. 3 — Minimum output n-channel drain 


characteristics for Q and Q buffers. 
Output Voltage: 


Low-Level, 
VOL 
High Level 
VOH 
Noise Immunity: 
Inputs Low, 
VNL 

Inputs High 
VNH 


0 Typ.; 0.05 Max. 


4.95 Min.; 5 Typ. 
9.95 Min., 10 Typ. 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


DRAIN-TO-SOURCE VOLTAGE (Vps!— Vv 


ean 
os 
- 


ap 
eeas”/ 
a o/ 


0 Typ.; 0.05 Max. 
V 


Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 


Output Drive 
Current: 
(Q,Q Outputs) 
n-channel 
(Sink), 
IDN Min. 


FETT GATE-TO-SOURCE VOLTAGE (Vgs)* | 


p-CHANNEL DRAIN CURRENT (IpP)—mA 


92CS-21388 
Fig. 4. — Typical output p-channel drain 
characteristics for Q and Q buffers. 


DRAIN-TO-SOURCE VOLTAGE (Vps)— V 


p-Channel 
(Source): 
IpP Min. 


Input Leakage Any Inp 
Current, 


eye TET EP fs fofefa to fff fa 


NOH 


p-CHANNEL DRAIN CURRENT (IpPi—maA 


92C$-21389 
Fig. 5 — Minimum output p-channel drain 
characteristics for Q and Q buffers. 
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)YNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input t, , t= 20 ns, C) = 15 pF, 


Ry = 200 k{Q2 


LIMITS 
che D, F, K,H E 
CONDITI Packages Package UNITS 
-rve. max an |Tv. a. 


CHARACTERISTICS 


Propagation Delay Time: 


‘PHL ‘PLH 
Astable, Astable 
to Osc. Out 


Astable, Astable 
toQ,Q 


+Trigger, —Trigger 
to 0,0 


+Trigger, Retrigger 
to Q,Q 


External Reset 
to 0,0 
Any 


Transition Time: 75 
tTH Le tTLH 
Q,0 


Osc. Out 


Minimum Input Pulse 
Width (any input), ty” 


+Trigger, Retrigger 
Rise & Fall Time, t, , t¢ 


Average Input 

Capacitance, C; Input 
* Input pulse widths below the minimum specified may cause malfunction of the unit. 
See Application Note ICAN - 6230 


=\¢ 

alo 
a fee) © | © NO 
w& ro) o;|o N 


CD4047A FUNCTIONAL TERMINAL CONNECTIONS 
NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 34 
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 34 


TERMINAL CONNECTIONS | gytpyt |oytpuT PERIOD 


FUNCTION INPUT OR 
TOVpp| TOVss PULSE PULSE WIDTH 


TO 


Astable Multivibrator: 


Free Running 4,5,6,14 7,8,9,12 
7,8,9,12 


5,7,8,9,12 


10,11,13 
10,11,13 


True Gating 4,6,14 


Complement Gating 6,14 


Monostable Multivibrator: 
Positive-Edge Trigger 5,6,7,9,12 
Negative-Edge Trigger 5,7,9,12 
Retriggerable 5,6,7,9 
External Countdown* 


* Input Pulse to Reset of External Counting Chip External Counting Chip Output To Terminal 4 A See Text. 
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AMBIENT TEMPERATURE (Tg) =25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vpp*0.3 %/°C 
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92CS-21439 


Fig. 6 — Typical low-to-high level propagation 
delay time vs load capacitance for Q 
and Q buffers. 


AMBIENT TEMPERATURE (Tg) =25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vpp:0.3 %/°C 
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Fig. 7 — Typical transition time vs load capa- 
citance for Q and Q buffers. 


I. Astable Mode Design Information 


A. Unit-to-Unit Transfer-Voltage 
Variations. 
The following analysis presents worst- 
case variations from unit to unit as a 
function of transfer-voltage (VTR) 
shift (33%—-67% Vpp) for  free- 
running (astable) operation. 


TERMINAL Jt Led Les 
TERMINAL IO J ‘A/2 Lta2 


ta 
92CS - 20027 


Fig. 8 — Astable mode waveforms. 


VTR 
ty = —RC In 
Vop*+YTR 
Van 
to = —RC In _ DDT *TR 
2Vpp — VTR 


ta = 2 (ty + ta) 


(VtR)(Vpp — VtR) 


=—2 RC In 
(Vop + VTR)(2Vpp — VtR) 
Typ: VrTR=0.5Vpp ta = 4.40 RC 
Min: VTR = 0.33 Vppb ta = 4.62 RC 
Max: VTR = 0.67 Vpp ta = 4.62 RC 


thus if |t,q = 4.40 RC} is used, the maximum 


variation will be (+5.0%,—0.0%). 
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ASTABLE Gy. 


* 
ASTABLE(4)}-a > 
* 
+TRIGGER(8 4 >o Osc 
out 
* 
-TRIGGER(6) (13) 
* 
RETRIGGER 
Yoo (4)- 
Yss > 
% INPUTS PROTECTED BY 
COS/ MOS : Q 
RESISTOR - DIODE NETWORK nae 
Yoo 
pets 
G) 
Vv 
eo CAUTION: TERMINAL 31S MORE SENSITIVE EXTERNAL 
% % MODIFIED INPUT PROTECTION TO STATIC ELECTRICAL DISCHARGE, 92CM-214 32 RESET 


CIRCUIT TO PERMIT LARGER 
INPUT- VOLTAGE SWINGS 


B. Variations Due to Vpp and Temperature 
Changes 
In addition to variations from unit to 
unit, the astable period may vary as a 
function of frequency with respect to 


ee 
+5 


Ni 


PERIOD ACCURACY FOR Q ANO Q—PER CENT 


SUPPLY VOLTAGE (Vpp)— V darsieaas 


Fig. 12 — Typical Q-and-Q-period accuracy 
vs supply voltage (low frequency). 
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SUPPLY VOLTAGE (Vpp)— V gpescoiags 
Fig. 15 — Typical oscillator-output-period 
accuracy vs supply voltage (high 


frequency). 
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EXTRA HANDLING PRECAUTIONS 
ARE RECOMMENDED 


Fig. 9- CD4047A lagic diagram. 


Vpp and temperature. Typical variations 
are presented in graphical form in Figs. 
10 to 20 with 10 V as reference for 
voltage variation curves and 25°C as 


reference for temperature variation curves. 


AMBIENT TEMFERATURE (Tg) #25°C 
ASTABLE MODE 


ACCURACY RANGE FOR FREQUENCY 
OF LESS THAN 100 kz 

O.tpF $C Spr 
lOOKNSRSIOMN 


Cp. opr eee pes evNYT ret rerr sere re srrrrtrrir 


sease sess 


enasseseanes 


SUPPLY VOLTAGE (Vpp)— V 
92CS-21444 


Fig. -13 — Typical Q-and-Q- period accuracy 
vs supply voltage (very low frequency). 
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Fig. 16 — Typical oscillator-output-period 
accuracy vs supply voltage 
(medium frequency) . 
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Fig. 10 — Typical Q-and-O-period accuracy 
vs supply voltage (high frequency). 
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Fig. 11 — Typical Q-and-Q-period accuracy 
vs supply voltage (medium frequency) 
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Fig. 14 — Typical Q-and O-period accuracy 
vs frequency for Vpp variation 
of + 10% from value indicated. 
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Fig. 17 — Typical Q- and G-period accuracy 
vs temperature (medium frequency). 


ASTABLE MODE 
{I ff tH eet tt et 


. eee 


os 
gues B | 100 


i 
2 
w 
1S) 
« 
w 
a 

Io 
oa 
2 
a 
o 
S 
wu 
& 
<a 
ig 
> 
Oo 
VY 
< 
[=] 

Q 

4 

wi 

a 


soueucensseses Wise 


| 
| Baeaae 
a 
: seusssscuscuacesessauan 
55 -35 -1§ +5 +25 +45 +65 +85 +05 +125 


AMBIENT TEMPERATURE (Ta)— °C 92¢5-21448 


Fig. 18 — Typical Q- and Q-period accuracy 
vs temperature (high frequency). 


11. Monostable Mode Design Information 
The following analysis presents worst- 
case variations from unit to unit as a 
function of transfer-voltage (VR) shift 
(33% — 67% Vpp) for one-shot (mono- 
stable) operation. 


TERMINAL 8 JUW___JL__ 


TERMINAL 13 J tI U t’Ut 
TERMINAL 10 tm tm 
92CS- 20028 


Fig. 21 — Monostable waveforms. 


VTR 
7 =a hh ———— 

DD 
tu = (ty’ + ta) 

(V+rr) (V — Vrr) 
ty =—RC In J IR SDD IR’ 


(2V pp — VTR) (2Vpp) 


where tay = Monostable mode pulse width. 


Values for tpy are as follows: 


Typ: VTR =0.5 Vpp ty = 2.48 RC 
Min: VTR = 0.33 Vpp ty = 2.71 RC 
Max. VTR = 0.67 Vpp tu = 2.48 RC 


Thus if |tyq = 2.48 RC] is used, the maximum 
variation will be (+9.3%, —0.0%). 


Note: 
In the astable mode, the first positive half 
cycle has a duration of Tjy; succeeding 
durations are ta/2. 


In addition to variations from unit to unit, 
the monostable pulse width may vary as a 
function of frequency with respect to Vpp 
and temperature. These variations are 
presented in graphical form in Fig. 22 to 27 
with 10 V as reference for voltage-variation 
curves and 25°C as reference for temper- 
ature-variation curves. 
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Fig. 19 — Typical oscillator-period accuracy 
vs temperature (medium frequency). 
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Fig. 22 — Typical Q- and Q-pulse-width 
accuracy vs supply voltage 


(tyy = 15, 60, 120 ps). 
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Fig. 24 — Typical Q- and G-pulse-width 
accuracy vs supply voltage 
(ty = 100 ms). 
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Fig. 26 — Typical Q and Q pulse-width 
accuracy vs temperature 
(high frequency). 
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Fig. 20 — Typical oscillator-period accuracy 
vs temperature (high frequency). 


SUPPLY VOLTAGE (Vpp)— V ices 
Fig. 23 — Typical Q- and Q-pulse-width 
accuracy vs supply voltage 
(ty =0.5,1, 10 ms). 
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Fig. 25 — Typical Q- and G pulse-width 
accuracy vs Q and QO pulse width 
for a variation of + 10% from 
value indicated. 


S MONOSTABLE MODE [TTT T T 
E ATE 
oe Ht cL alm itt bys t 
- 3 
ego Sy Heh Ht 
3° Fy tt 

speainnaifiecitt HH H 
w ZB een m= rH tHe 
2 §H HH Im § 
5 TAL H (A) lOOps Sty Sims 
es HONG HH Vpo = 5,10V 
° > op NY 
° He gas (B) tw 210 ms ss 
b4 eee saa 5, ane TI 
ied HH 
u xs t 
2 ae 
: iE Hoe +H 
z : seeestssrenee= cial aaeeee 
= soaaees eseuauer-saasunsass 
gs + 

2 
: = 
rs) SH 
2 xe 


-15 +5 +25 745 +65 
AMBIENT TEMPERATURE (Ta)—°C 


-55 -35 


92CS-21454 


Fig. 27 — Typical Q and Q pulse-width 
accuracy range vs temperature. 
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Ill. Retrigger Mode Operation VI 
The CD4047A can be used in the 
retrigger mode to extend the output- 
pulse duration, or to compare the fre- 
quency of an input signal with that of 
the internal oscillator. In the retrigger 
mode the input pulse is applied to 
terminals 8 and 12, and the output is 
taken from terminal 10 or 11. As shown 
in Fig. 28, normal monostable action is 
obtained when one retrigger pulse is 
applied. Extended pulse duration is 
obtained when more than one pulse is 
applied. For two input pulses, tre=ty’ 
+ ty + 2to. For more than two pulses, 
tre (Q OUTPUT), terminates at some 
variable time, tp, after the termination 
of the last retrigger pulse, tp is variable 
because tRE (Q OUTPUT) terminates 
after the second positive edge of the 
oscillator output appears at flip-flop 4 
(see Fig. 8). 


O°FASTABLE MODE 
SUPPLY VOLTAGE (Vpp)* 5V 


. Power Consumption 
In the standby mode (Monostable or 
Astable), power dissipation will be a 
function of leakage current in the 
circuit, as shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the 
following formulae: 
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(=) 
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ro) 
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B 

6 
4 
Ww 
g 
a 


Astable Mode: P = 2CV2f. (Output at 
terminal No. 13) 
P = 4CV2f. (Output at 
terminal Nos. 10 and 11) 


10 1° = 10 10 10° 10° 10 rt) 
QOR @ FREQUENCY (f)—Hz 
92CS- 21415 


Fig. 30 — Power dissipation vs output 
frequency (Vpp = 5 V). 
Monostable Mode: 
_ (2.9CV2) (Duty Cycle) 
T ~FASTABLE MODE 
SUPPLY VOLTAGE (Vpp)* |O Vv 


(Output at terminal 
Nos. 10 and 11) 


1V. External Counter Option 
Time thy can be extended by any a- 
mount with the use of external counting 


circuitry. Advantages include digitally The circuit is designed so that most of 


POWER DISSIPATION (Pp)— pW 


controlled pulse duration, small timing the total power is consumed in the 
capacitors for long time periods, and — components. In practice, the 
extremely fast recovery time. A typical ower the values of frequency and 


voltage used, the closer the actual power gon 6 PReauENey Uti —-t 


implementation is shown in Fig. 29. mais al : 
dissipation will be to the calculated 


The ioe duration at the output is 


92CS-21413 


her text= stiles duration of the cir- 
cuitry, and N is the number of counts 
used. 


value. 

Because the power dissipation does not 
depend on R, a design for minimum 
power dissipation would be a small 


Fig. 31 — Power dissipation vs output 
frequency (Vpp = 10 V). 


value of C. The value of R would 
depend on the desired period (within 
the limitations discussed above). See 
Figs. 30—32 for typical power con- 
sumption in astable mode. 


V. Timing-Component Limitations 
The capacitor used in the circuit should 
be non-polarized and have low leakage(i.e. 
the parallel resistance of the capacitor 
should be an order of magnitude greater 
than the external resistor used). There is 
no upper or lower limit for either R or C 
value to maintain oscillation. 
However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 12 
this capacitance can be measured and 
taken into account). R must be much 
larger than the CMOS “ON” resistance in 
series with it, which typically is hundreds 
of ohms. In addition, with very large 
values of R, some short-term instability 
with respect to time may be noted. 
The recommended values for these 
components to maintain agreement with 
previously calculated formulas without 
trimming should be: 


ASTABLE MODE 
SUPPLY VOLTAGE (Vpp) #15 V 
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Fig. 32 — Power dissipation vs output 
frequency (Vpp = 15 V). 


Fig. 28 — Implementation of external 
counter option. 


AETRIGGER, re | eee | ©; JUUL=-=--3L 
C 2100 pF, up to any practical value, for 
astable modes; TERMINAL 13 Sta Ste tek 
C ]} 1000 pF, up to any practical value — 
for monostable modes. TERMINAL. 10 Srl J L RE 
t 
eo. 
10k922<R <1 MQ 


Fig. 29 — Retrigger-mode waveforms. 
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These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 


CMOS Multi-Function 
Expandable 8-Input Gate 


an open circuit. This feature enables the 


The RCA-CD4048A is an 8-input gate 
having four control inputs. Three binary 
control inputs — Ka, Kb, and Kc — provide 
the implementation of eight different logic 
functions. These functions are OR, NOR, 
AND, NAND, OR/AND, OR/NAND, AND/ 
OR, and AND/NOR. 


user to connect this device to a common 
bus line. 


In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs to one 
CD4048A, (see Fig. 6). For example, two 


A fourth control input —Kd — provides the CD4048A’s can be cascaded to provide a 


(K suffix), and in chip form (H suffix). 


BINARY CONTROL INPUTS 
i 
FUNCTION CONTROL 


3-STATE 


sabia oaesees 
Ka Kp Ke Kg - CONTROL 


user with 3-state outputs. When control 16-input multifunction gate. When the 
input Kd is high the output is either a logic EXPAND input is not used, it should be 
1 or a logic 0 depending on the input states. connected to Vss 
When control input Kd is low, the output is 
MAXIMUM RATINGS, Absolute-Maximum Values: hae 
92CS-22249 
STORAGE-TEMPERATURE RANGE (Tgighs oes ee eee ee ee dee een sean ee —65 to +150°C CD4048A 
OPERATING-TEMPERATURE RANGE (Ta): Functional Diagram 
PACKAGE TYPES DF. K,H 2% 26s ces 6 chee Pe See PERTH SR Re ER EEG OS —55 to leo © 
PACKAGE TYPE EF co cb cer SEN DRESS Oe OW BO Oe eee BR —40 to +85 C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) Features: 
(Voltages referenced to Vsg Terminal): . 0... 2.0 ee ect etre eee eee neee —0.5to+15 V 
POWER DISSIPATION PER PACKAGE (Pp) @ Medium-power TTL drive capability 


FOR Ta=—40 16 460 CIPACKAGETYPEE) i ce ew wie teim ping e dee eroa gras 500mW sw Three-state output 
ie) 
FOR Ta= +60 to +85 C(PACKAGE TYPE E) ......... Derate Linearly at 12 mW/ C to 200 mW B Hi ‘ gs 
igh current source and sink capabili 
FOR T, = -85 to +100°C (PACKAGE TYPES D,F,K) 0.0... cece eee ee 500 mW ? pa 


FOR Tp = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mW 


9 mA (typ.) @ Vps = 9.5 V, Vpp = 10 V 
Many logic functions available in one 
package 


INPUT VOLTAGE RANGE, ALL ANPUTS#:. 242-650 2 $6 60.6 8 46 G4 o Ew EK —0.5 to VppbD +0.5 V i | Quiescent current specified to 15 V 
F + + Jat 
At distance 1/16 1/32 inch (1.59 0.79 mm) from case for 10s max.........-.2+8. 265 C at 15 V (full package-temperature range) 
ae ae ss an @ 1-V noise margin (full package- 
P to ; i temperature range) 
ce = a c= = 
E F E r E F E F 
c—z 6a GK ae 
EXP EXP EXP EXP 
OR/AND OR/NAND AND/OR AND/NOR Applications: 
A A A A 
8 8 c ¢ @ Selection of up to 8 logic functions 
10) o« P 
? @ Digital control of logic 
, . . g ® General-purpose gating logic 
F F F F . 
G G G G — Decoding 
H H H H . 
EXP EXP EXP E — Encoding 


92CM-22250 
Fig. 1 — Basic logic configurations. 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


) LimITs | 


CHARACTERISTIC 


Supply-Voltage Range (For T, = Full 
Package-Temperature Range) 
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Fig. 2— Typical output n-channel drain 
characteristics . 
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STATIC ELECTRICAL CHARACTERISTICS 


C 
Characteristic 
Vo 


Quiescent Device 
Current is Max. 


Output Voltage: 


Low Level, 0 Typ.; 0.05 Max. 


0 Typ.; 0.05 Max. 


High Level Yl ot | ee 4.95 Min.; 5 Typ. 
VOH P= | @ | to] 9.95 Min.: 10 Typ. 


Noise Immunity: 
Inputs Low, 42 


Inputs High 


1.5 Min.; 2.25 Typ. 


Noise Margin: 
Inputs Low, 


VNML 


Inputs High, 
VNMH 


Output Drive 
Current: 
n-Channel (Sink) 


p-channel 
(Source), 


Any Input 
Input Leakage aaa 


Current, 
HolH 


lou-'oH 


AMBIENT TEMPERATURE (Ta)=25°C 
TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF Vgs*-0.3 %/°C 
ap ee oy LEE 


FEE EH CO404BAD, AX 
8 Senenee ~-—==CD4048AE 


n-CHANNEL DRAIN CURRENT (IpN)—mA 


DRAIN -TO -SOURCE VOLTAGE (Vp 5)—V 


92CS$-22254A1 
Fig. 3— Minimum output n-channel drain 


characteristics 


DRAIN-TO-SOURCE VOLTAGE (Vps)}—Vv 
-15 -10 a) 


P) —mA 


HHH 4GATE-TO- SOURCE VOLTAGE (Vgs)*-15 V 14 


Ss 
AMIBIENT TEMPERATURE (Tg )#25°C secccaeusccccaseaa 


p- CHANNEL DRAIN CURRENT (T, 


; 92CS3-20244Ri 
Fig. 4— Typical output p-channel drain 


characteristics. 


DRAIN-TO -SOURCE VOLTAGE (Vp 5)—V 
-15 -10 . ; 
BSeaRoaa = 
AMBIENT TEMPERATURE (Ta)=25°C THTTH) sv BEEBE eae 
TYPICAL TEMP COEFFICIENT aT ave TEECEE Pr rPer et a 
VALUES OF Vgs:-0.3%/ec FITTTEE . 
SSQERLSSTS SSSR GRRE aes 


See 

OURCE VOLTAGE (Vgs)=-I5 VET + 
SG000 Sees ceeeeseserta 
Seeeeceases*s— 
S-I-Ci chads 
Lit 


a 
P- CHANNEL DRAIN CURRENT (IpP)— mA 


Fig. 5— Minimum output p-channel drain 
characteristics. 


10°] AMBIENT TEMPERATURE (Ta)#25°C 


POWER DISSIPATION (Pp)— pW 


INPUT FREQUENCY (fy) —Hz 


92CS-22253 


Fig. 6— Typical power dissipation as a 
function of input frequency. 
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CD4048A Types 


DYNAMIC ELECTRICAL CHARACTERISTCS at Tg = 25°C and C,; = 15 pF-and 50 pF, ee 

Typical Temperature Coefficient for all values of Vpp = 0.3%/°C Ry = 200 kQ2 Fi saussceecssacsseucseassesssagne 
HH 

C, = 15 pF 


TEST 
CONDITIONS 


CHARACTERISTIC UNITS 


DF, KH 
Packages 


PROPAGATION DELAY TIME pi p,.tpiy.)— 8 
© 


Propagation Delay Time 


tPHL 
Transition Time: 
High-to-Low Level tyy4, 


0 20 40 +60 60 100 120 140 160 180 
LOAD CAPACITANCE (C,) pF 


92CS -22256 


Fig. 7— Typical propagation delay time as a 
function of load capacitance. 
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7" 


Propagation Delay Time 
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as 
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| 5 
| 10 
eo 
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Le 
= 
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Se 
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=x 
=] 
= 
# 
- 
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° 
id 
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z 
4 
4 
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Transition Time: 
High-to-Low Level tyy4, 


* Max. Limits represent worst-case limits for worst-case modes of operation shown in Figs. 15, 16, and 17. 


ne) 
i 


LOAD CAPACITANCE (C.)— pF 
92CS-22257 


Fig. 8— Typical low-to-high level transition 
time as a function of load capacitance. 


AMBIENT TEMPERATURE (Ta)=25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vop:0.3 %/*C 
Ss 


Yoo 
e 
! Yoo 
bd INPUTS 
= “ Yoo 
= Vss 
- 
z INPUTS OUTPUTS 
° 
3 Yoo YNH 
é —— + 
° ° 
VAL ~ 
NOTE: 
TEST ANY ONE INPUT, 
Vv WITH OTHER INPUTS AT 
Vss = ; Vop OR Vss 
LOAD CAPACITANCE (C.)— pF 92¢S-22258 92CS- 27401 92CS- 27400 
Fig. 10— Quiescent-device-current Fig. 11— Noise-immunity 
Fig. 9— Typical high-to-low level transition test circuit. test circuit. 
time as a function of load capacitance. 
Vop 
Vv 
DD INPUT ——-\ -50% 
OUTPUT 
INPUTS 2 
CL slSpF 
3 INPUT - -—-F=-90% 
: 50pF— T 
Yoo NOTE OR SOpF- ; OUT hen io% 
oz )-= MEASURE INPUTS 
° SEQUENTIALLY, : THE TLH 
Vss TO BOTH Vop AND Vss; ' 
CONNECT ALL UNUSED 7 92S -22265 
INPUTS TO EITHER 8 
Voo OR Vss° 
Vss 
Yss 
92Cs-27402 
Fig. 12— 'nput-leakage-current 
test circuit. Fig. 13-— (THL: 'TLH — AND/NOR. 
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CD4048A Types 


Yoo 


NOR 


. J (OUTPUT) ! x1 
i Yop 2 os 
13 
‘3 3 A x4 
15 4 B 
3 5 C 't/2 CD4002A 
2 Ka-Kb-K Vv 7 
6 a-Kb-Ke 12) 9) 
0-0-0 7 
8 CD4048A 9 
Vss Vss 
12- INPUT OR/AND GATE 92CS-20240 


J=#(A4B4+C+D): (EFF +G+H)> (XI1+X24+X34+X4) 
Fig. 14(a) - 12-input OR/AND gate. 


INPUT 50% 
OUTPUT - 50% 
OR FUNCTION 
1-0-0 


J (OUTPUT) 'PLH 


92CS-22263 


OR 


16-INPUT NOR GATE 92CS- 2024! 


J=A; +B, +C, +0, +E, +F) +G, +H, +49+BotCotDo +EotFotGotHo 


Fig. 14(b) 16-input NOR gate. 
Applications of Expand Input 


NAND IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 


ouTpuT | FUNCTION 
FUNCTION | NEEDED AT 
EXPAND INPUT 


OUTPUT BOOLEAN 
EXPRESSION 


r 


AND/OR 


92CS- 22264 


CC eS 
RNAND | _ NOR __| IA¥BrOrDF(EVPrGTA ERP) 


Note: (EXP) designates the EXPAND function (i.e., X4+X gt... Xp). 


Fig. 16— tpyy, — AND. 


AND/NOR OR/NAND OR/AND 


1-1-0 O-I-I 0-1-0 
92CS-22252 


Fig. 14(c) Actual-circuit logic configurations. 


Fig. 14— Expansion logic and truth table. 
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CD4048A Types 


3 CONFIGURATIONS 
Cc “ “ 
| SAME AS FOR INPUT A 


fa ) > el 
4 CONFIGURATIONS O 

G SAME AS FOR INPUT “A” I 

" a 


Kg 
Vss Kp ! 
Kp»h—{ Ke IN} +6 [OUT 
Ke— 3 CONFIGURATIONS 
SAME AS FOR "Ko INPUT [Ke 2 
Kg—4 a g 
Sapa reese Seon en eines aes Transmission Gate Definition 


TG = Transmission Gate 
Input to Output is: 
a) A bidirectional low impedance when 
control input 1 is low and control 
2 is high. 
b) An open circuit when control input 1 
is high and control input 2 is low. 


92CM-2225iRI 


FUNCTION TRUTH TABLE 


NOR J=A+B+C+D+E+F+G+H 
OR J=A+B+C+D+E+F+G+H 
OR/AND J=(A+B+C+D)-(E+F+G+H) 
OR/NAND | J=(A+B+C+D)-(E+F+G+H) 


AND J=ABCDEFGH 
NAND J=ABCDEFGH 
AND/NOR |J=ABCD+EFGH 
AND/OR _ |J=ABCD+EFGH 
Kqg=1 Normal Inverter Action 


Kq=0 High Impedance Output 


EXPAND Input=0 *See Figs. 1 and 7. 


Fig. 17— Logic diagram and truth table. 
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CD4049A, CD4050A Types 
CMOS Hex Buffer/Converters 


CD4049A—Inverting Type 
CD4050A—Non-Inverting Type 


The CD4049A and CD4050A are inverting 
and non-inverting hex buffers, respectively, 
and feature logic-level conversion using only 
one supply voltage (Vcc). The input-signal 
high level (VjpH) can exceed the Vcc supply 
voltage when these devices are used for logic- 
level conversions. These devices are intended 
for use as CMOS to DTL/TTL converters 
and can drive directly two DTL/TTL loads. 
(Vec=5 V, VoL 20.4 V, and IpN 23.2 mA.) 


The CD4049A and CD4050A are designated 
as replacements for CD4009A and CD4010A, 
respectively. Because the CD4049A and 
CD4050A require only one power supply, 
they are preferred over the CD4009A and 
CD4010A and should be used in place of the 
CD4009A and CD4010A in all inverter, cur- 
rent driver, or logic-level conversion appli- 
cations. In these applications the CD4049A 
and CD4050A are pin compatible with the 
CD4009A and CD4010A respectively, and 
can be substituted for these devices in 
existing as well as in new designs. Terminal 
No. 16 is not connected internally on the 
CD4049A or CD4050A, therefore, connection 
to this terminal is of no consequence to cir- 
cuit operation. For applications not re- 
quiring high sink-current or voltage conver- 
sion, the CD4069 Hex Inverter is recom- 
mended. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

® High sink current for driving 2 TTL loads 
High-to-low level logic conversion 
Quiescent current specified to 15 V 
Maximum input leakage of 1 uA at 15 V 
(full. package-temperature range) 


Applications: 

= CMOS to DTL/TTL hex converter 
= CMOS current “sink” or “source” 
driver 

CMOS high-to-low logic-level 
converter 


Vcc = 
¥Sqr- 
NC =13 NC =13 


92CS- 27506 
NC =16 NC =16 


CD4049A CD4050A 
Fig.1 — Functional diagrams. 


Vcc oe 


8 
soe 


92C5 -27507 


RECOMMENDED OPERATING CONDITIONS at T,=25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 


Supply-Voltage Range (Vcc) (For T a= Full Package- 
Temperature Range) 


Input Voltage Range (V1) 


"The CD4049 and CD4050 have high-to-low-level voltage conversion capability but not 
low-to-high-level; therefore it 1s recommended that Vy 2 Vec: 


STATIC ELECTRICAL CHARACTERISTICS 


Pas, Limits at Indicated Temperatures (°C) 
Characteristic Units 


D, F, K, H Packages 


Vo |} Yin | Yec 
(V)} (Vv) y (Vv) 


Quiescent 
Device 


Current, 
i Max. 


Output 
Voltage: 


—= 
on 


Low-Level, 0 Typ.; 0.05 Max. 
VOL 0 Typ.; 0.05 Max. 
High-Level, aa 4.95 Min.; 5 Typ. 
Noise 
Immunity: 
3.6 1.5 Min.; 2.25 Typ. 

VNL rep a 10 3 Min.; 4.5 Typ. 
CD4050A 

1 Min.; 1.5 Typ. 


VoH 9.95 Min.; 10 Typ. 

Inputs Low, 

Inputs High, se a 1.5 Min.; 2.25 Typ. 
2 Min.; 3 Typ. 


VNL 
CD4049A 


Inputs Low, 


VNML Min. 
CD4050A 


CD4050A 
Output Drive 

Current: 
N-Channel 
(Sink), 

IDN Min. 
P-Channel 
(Source), 
IpP Min. 


Input 

Leakage 

Current, Any Input 15 +10—5 Typ., +1 Max. LA 
No WH 

Max. 


| 
£ 
oO 


| 
i) 
fon) 
N 


a be i 
Cl] w 


o 
on 


sed (oad (Ca 
off} 
| 
— 
fool W 
on 


| 
_ 
ee) 
on 
N 
on 
| 
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on 
| 
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on 
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on 
— 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
ye oue Sth oes Gree 4 Bh oh oma pies oe eG Gee 


STORAGE-TEMPERATURE RANGE (Torq 
OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 
DC SUPPLY-VOLTAGE RANGE, (Vcc) 
(Voltages referenced to Voc Terminal) 


POWER DISSIPATION PER PACKAGE (Pp): 
FOR T,= —40 to +60°C (PACKAGE TYPE E) 
FOR T ,= +60 to +85°C (PACKAGE TYPE E ) 
FOR Ty = -55 to +100°C (PACKAGE TYPES D, F, K) 
FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR T, = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (OURING SOLDERING) 


At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10 s max. 


OUTPUT VOLTAGE (Vo)—V 


INPUT VOLTAGE (V7)—V 
92CS-20480 


Fig. 3—Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 


OUTPUT VOLTAGE (Vo)—v 


Ear 
ce 


ie aH iH 


* 
“ 
a8 
. 
a 
av e' 
oe H 
a 
a 
« 


INPUT VOLTAGE (V7 )—V 
92CS- 20483 


Fig. 6—Typical voltage transfer charac- 
teristics as a function of tempera- 
ture for CD4049A. 


DRAIN-TO-SOURCE VOLTAGE (Vos) —V 
-10 -8 =o 
AMBIENT TEMPERATURE (Ta)=25°C 1 H 


TYPICAL TEMPERATURE COEFFICIENTH 
FOR Ip*-0.3 % rc H 


yvw—(9I) LN3YYND NIVEO 


MAXIMUM OPERATING — POWER CURVE PER DEVICE 
tretE. * MAXIMUM aeons Lub eaded A caales peat mw 


= 92CS-20486R! 

Fig. 9—Typical and minimum p-channel drain 
characteristics as a function of gate-to- 
source voltage (VGs! for CD4049A, 
CD4050A. 


OUTPUT VOLTAGE (V9) )—V 


OUTPUT VOLTAGE (Vo)—V 


Fig. 10—Typical high-to-low level propagation delay 


CD4049A, CD4050A Types 


—65 to +150°C 


—55 to +125°C 


40 to +85°C 1 
2 
—0.5 to +15 V w SHH 
< au 
8 eH 
pa Skye Bk RES ete o BO aba ek eee 500 mw & EH seete 
Derate Linearly at 12 mW/°C to 200 mW 5 EE cette ae 
piaa4 yaa e¥usedes'eenaeee 500 mW HY Hate sess Sees: 


Derate Linearly at 12 mW/°C to 200 mW ‘eur WoGade noe 


92CS-20479 


eeneler theres 100 mW 
—0.5 to Vop +05 V 


Fig. 2—Minimum and maximum voltage 
transfer characteristics for 
CD4049A. 


hbes #hs +265°C 


AMBIENT TEMPERATURE (Ta 25°C 
SUPPLY VOLTAGE (Vcc) =!0V 


AMBIENT TEMPERATURE (Ta) 25°C 
*210V 


sacihiedd bea (Vv 


OUTPUT VOLTAGE (Vo )—v 


3 
INPUT VOLTAGE (Vz)— V 
92cS- 20482 
INPUT VOLTAGE (VgI—V 92CS -2048! 
Fig. 5—Minimum and maximum voltage 
transfer characteristics for 


CD4050A. 


Fig. 4—Minimum and maximum voltage 
transfer characteristics for 
CD4049A. 


AMBIENT TEMPERATURE (Ta) =25°C 


TYPICAL TEMPERATURE COEFFICIENT # 
FOR Ip *-0.3%/°C 


SUPPLY VOLTAGE Uae fee $4 
ee: SHE 


tH MAXIMUM OPERATING — 
POWER CURVE PER DEVICE” 


a a 


= # 
+ 


3 rH 
mse cses 
aaceds { 
e00ecscncc seccccaccesucess 7 


< 
e€ 
fo) 
H 
- 
z 
wW 
« 
« 
=] 
eo 
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4 
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INPUT VOLTAGE Vel=—Vv 
92CS-20484 


Fig. 7—Typical voltage transfer charac- 
teristics as a function of tempera- 
ture for CD4050A. 


DRAIN-TO-SOURCE VOLTAGE (Vp¢)— V 
92CS-20485RI 
Fig. 8—Typical and minimum n-channel drain 
characteristics as a function of gate-to- 


source voltage ( V6s/ for CD4049A, CD4050A. 


AMBIENT TEMPERATURE (Ta)=25°C 
TYPICAL TEMPERATURE COEFFICIENT itt 
FOR ALL VALUES OF Vcc *0.3%/°C ij 


AMBIENT TEMPERATURE (T,)=25°C :}2°:: tipiges 
TYPICAL TEMPERATURE COEFFICIENT ~ 
FOR ALL VALUES OF Vcc "0.2 3% /°C :: 
mipeope spon pepon ped 


LOW-LEVEL PROPAGATION DELAY TIME (tpyp)— 98 
LOW-LEVEL PROPAGATION DELAY TIME (tpyy)—ns 


B9S88 88980 SSS: 
pases Oeere ceaas 


100 9 


100 


40 60 80 
LOAD CAPACITANCE (C,)——pF 
92CS- 20487 


20 


60 
LOAD CAPACITANCE (C, )—pF 


40 80 


92CS— 20529 


Fig. 11—Typical high-to-low level propagation delay 


time vs. Cy for CD4049A. time vs. Cr for CD4050A. 
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CD4049A, CD4050A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T ,=25°C; Input t,,ts=20 ns, 


AMBIENT TEMPERATURE (Ta) = 25°C 


C.=15 pF, Ry=200 kQ 


CHARACTERISTIC 


Propagation Delay Time: 
Low-to-High, tp, y 


CD4049A 


CD4050A 


High-to-Low, tpy, 


CD4049A 


CD4050A 
Transition Time: 


Low-to-High, tTLy 


High-to-Low, tty, 


Input Capacitance, C, 
CD4049A 
CD4050A 


AMBIENT TEMPERATURE (Tg) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT 


: 2 © Ss 


LOW-LEVEL TRANSITION TIME (ty, ) — ns 
8 


° 20 40 60 80 100 
LOAD CAPACITANCE (C,)— pF 
92CS- 20526 


Fig. 14—Typical high-to-low level transition time 
vs. C, for CD4049A, CD4050A. 
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10 10? 103 104 10° 10 
INPUT RISE AND FALL TIME (1, AQ) ) 
92CS-20490R 


Fig. 17—Typical power dissipation vs. transition 
time per inverter CD4049A. 


Voo 


INPUTS OUTPUTS 


INPUTS 
Voo~¥nH 


i + Yoo 
4 
VANL = ° e 
— Vss 
NO 


TE: 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 


92cs-27400 YOO OR Vss- 


Fig. 19—Noise.immunity test circuit. 


Fig. 20—Input leakage current test circuit. 


LIMITS 
ALL PKGS. 


CONDITIONS 


= |In][w N NTIS) 
H1O};O o or; ory or 
w rs 


AMBIENT TEMPERATURE (Ta)=25°C ff 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Vo 3%/°C 


HIGH-LEVEL TRANSITION TIME (t+, 4)—ns 


0 20 40 60 80 100 
LOAD CAPACITANCE (C, )-—pF 


92CS- 20489 


Fig. 15—Typical low-to-high level transition time 
vs. C, for CD4049A, CD4050A. 
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POWER DISSIPATION PER INVERTER (Pp) —pw 
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92CS-2049iR 
Fig. 18—Typical power dissipation vs. transition 
. ; v 
time per inverter CD4050A. do 
Voo 
Yon INPUTS 
°o 
NOTE: Vss 


MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vpp AND Vss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vop OR Ves: 
dO SS 92CS- 2740) 


Vss 92CS-27402 


TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Vcc 0.3% / °C 


250 seSscscecs Seasessssssssesccsssses 


Pd NOS eee ETE 
uae > a el eeu 


HIGH-LEVEL PROPAGATION DELAY TIME(tp, 4) —ns 


+ 


° 20 40 60 80 
LOAD CAPACITANCE (C, )— pF 


92CS-— 20528 


Fig. 12—Typical low-to-high level propagation delay 
time vs. C, for CD4049A. 
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Fig. 13—Typical low-to-high level propagation delay 
time vs. C; for CD4050A. 
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INPUT FREQUENCY (f@) kHz 


92CS-20527 


Fig. 16—Typical dissipation characteristics for 
CD4049A, CD4050A. 


Vec Vcc 


(a) 


92CS- 20117 


Fig. 22 — (a/Schematic diagram of CD4049A, 1 of 
6 identical units. 
(b) Schematic diagram of CD4050A, 1 of 
6 identical units. 


Vss 
Fig. 21—Quiescent device current test circuit. 
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CMOS LSI 4-Bit Arithmetic Logic Unit 


The RCA-CD4057A is a low-power arithme- 
tic logic unit (ALU) designed for use in LSI 
computers. An arithmetic system of virtually 
any size can be constructed by wiring to- 


gether a number of CD4057A ALU'’s. The 
CD4057A provides 4-bit arithmetic opera- 
tions, time sharing of data terminals, and full 
functional decoding for all control lines. The 
distributed control system of this device 
provides great flexibility in system designs 
by allowing hard-wired connection of N 
units in 4N unique combinations. Four 
control lines provide 16 instructions which 
include Addition, Subtraction, Bidirectional 
and Cycle Shifts, Up-Down Counting, AND, 
OR, and Exclusive-OR logic operations. 


Two mode control lines allow the CD4057A 
to function as any 4-bit section of a larger 
arithmetic unit by controlling the bidirec- 
tional serial transfer of data to adjacent 
arithmetic arrays. By means of three ‘‘Con- 
ditional Control’”’ lines Overflow, All Zeros, 
and Negative State conditions may be 


CD4057A Types 


PARALLEL DATA 


DATA OUT 
I/O LINES CONTROL 


Applications: 
PP LEFT SERIAL DATA LINE 
j j i RIGHT SERIAL 
R TER 
@ Parallel Arithmetic Units a _ 
@ Process Controllers cere. ae 
SELECT — |- ARITHMETIC 
=@ Remote Data Sets <3] FUNCTIONAL & rT] sila - 
MODE CONTROLS | Ul 
4 j i MODE ; 
® Graphic Display Terminals Ly ie ; 
K OVERFLOW 
wees CONDITIONAL 
CONDITIONAL } CLOCK 
INPUTS ' GATING 
{ OVERFLOW 
Vv = 26 TO INPUT/OUTPUT ; 
yee =25 REGISTER 92CS-20258R2 


detected and used to establish a conditional 
operation. Predetermined operation of the 
CD4057A on a conditional basis allows 
greater ALU flexibility. Although especially 
applicable as a parallel arithmetic unit, the 
CD4057A also finds use in virtually any 
application requiring one or more of its 16 
basic instructions. The CD4057A is supplied 
ina hermetically sealed 28-lead dual-in-line 
ceramic package (CD4057AD), 28-lead cer- 
amis flat package (CD4057AK), and in chip 
form (CD4057AH). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tq) ‘ee 6 


OPERATING- TEMPERATURE RANGE (T,) 
PACKAGE TYPES D, K, H 


OC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Voc Terminal).......... 


POWER DISSIPATION PER PACKAGE (Pp) 


For Tq = -55 to +100°C (PACKAGE TYPES D, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T, = FULL PACKAGE -TEMPERATURE RANGE (ALL PACKAGE TYPES)....... 


INPUT VOLTAGE RANGE, ALL INPUTS... 
LEAD TEMPERATURE (OURING SOLDERING): 


At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10s max. ............. 


RECOMMENDED OPERATING CONDITIONS . 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Setup Time, ts 
DATA 
OP CODE 


Clock Pulse Width, tw 


Clock Input Frequency, fo, 
Count Mode 
Shift Mode 


Vpp ITS 
(vy [min. [ Max. | 


Supply-Voltage Range (For Tq = Full V 
Package-Temperature Range) 


Clock Rise or Fall Time, t-CL, teCL Pi] ofa] * | 


—65 to +150°C 


—55 to +125°C 


—0.5to +15 V 


sgedirex Gal alse <caiahara dnd lee Goole Gitar e ai Gea tn Stee oid oS 500 mW 


100 mW 


+265°C 
Co 
CI 
Co 
CI 
Co 
CT 
Co 
CI 


VSs 


Fig. 1 — Block diagram — CD4057A. 


Features: 


LSI Complexity on a Single Chip 
16-Instruction Capability 

-Add, Subtract, Count 

-AND, OR, Exclusive-OR 

-Right, Left, or Cyclic Shifts 
Bidirectional Data Busses 
Instruction Decoding on Chip 
Fully Static Operation 


Single-Phase Clocking 

Easily Expandable to 8, 12, 16.,. 

... Bit Operation 

@ Low Quiescent Device Dissipation . . 
.... 10 LW (typ.) 

@ Conditional-Operation Controls on Chip 

@ Add Time (Data In-To Sum Out) 


=375 ns (typ) at 10V 
@ Quiescent current specified to 15 V 


@ Maximum input leakage current of 1 WA 
at 15 V (full package-temperature range) 


@ 1-V noise margin (full package-temperature 


range) 


tpp (Dy — Cg) + 3 tpp (Cy — Co) = 790 ns 


D13-16 
tpp (Dy — Cg) + 2 tpp (Cy — Cc) + tpp (Cy — Sg) = 925 ns 


—_———— 


$13-16 
tpp (DI — Co) + 2 tpp (Cy — Cg) = 615 ns 


D9-12 
tpp (Dy — Cg) + tpp (Cy — Ccol+ tpp (Cy — Sg) = 750 ns 


$912 
tpp (Dy — Cc) + tpp (Cy — Co) = 440 ns 


05-8 
tpp (Dy — Ceo) + tpp (Cy — Sg) = 575 ns 


S5-8 


tpp (Dy — Co) = 265 ns 


D1-4 
tpp (Dy — Sg) = 375 ns 


$1.4 


92CS-21875 


Fig. 2 — Typical speed characteristics of a 16-bit ALU at Vpp = 10 V. 
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STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (°C) 
CONDITIONS 


Vo |Vin|Ypp 
(Vv) } (Vv) 


5 | O Typ.; 0.05 Max. ’ 
| 10 | O Typ.: 0.05 Max. 


AMBIENT TEMPERATURE (Tq) *25°C [] 
COUNT-UP MODE a 


1S Seene seuee cueeueuceueusess 
SEREFFHSTAGRTDSSSRRGRRSABR 
Gfeseiae 


CHARACTERISTIC 


SUPPLY VOLTAGE (Vpp)—Vv 


Quiescent Device 
Current | L 


fo) 
jo) 
Ez 


Output Voltage; 
Low- Level VOL 


Fig. 3 — Maximum counting frequency vs. 
supply voltage for a typical CD4057A. 


4.95 Min.; 5 Typ. 
ma OH 9.95 Min.; 10 Typ 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 
1.5 Min.; 2.25 Typ. 


3’Min.; 4.5 Typ. 


Noise Immunity 
(All Inputs) 


Vnv VNH 


BEER RRR OO RES 


Noise Margin: 
Inputs Low, 
VNML 


LOAD CAPACITANCE (C,)— pF 
92CS-21881 


Inputs High, 
VNMH 


Fig. 4 — Transition time vs. load capacitance 
for data outputs (D1-D4). 


Output Drive Current: 
IpN, IpP 
Zero Indicator 


CLOCK PULSE RISE AND FALL TIMES 


' 
! +t '_—_—— 
1,CL 1yCL wet WHS Fo 


Yoo 


n-channel 


p-channel 


92CS 21072 


Negative Indicator Fig. 5 — Clock pulse rise and fall times. 
n-channel 


p-channel 


o.osjo.19| - [o.o4] — | 
|= |0.to|0.30| ~ |oo7| — | ma 


Overflow Indicator 


i=) 
~N 


n-channel 


9205 21873 


p-channel 


[~) 
© | & 

~ 
o;o° 
oO |W 
in = 


Fig. 6 — Data setup time. 


All Other Outputs 


n-channel 


p-channel — 
CONTROL 


2 |! 
) 


*tr.t¢220ns 


Input Leakage 
Current 


Noe nH. 


92CS- 21874 


Fig. 7 — Data hold time. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C and C, = 15 pF, Ry = 200 kQ, 


t ite =20ns 
Typical Temperature Coefficient at all values of Vpp = 0.3%/°C : 


TEST LIMITS 

CHARACTERISTICS CONDITIONS | CD4057AD, CD4057AK 

Propagation Delay Time: | 1430 3900 
375 


‘PLH PHL 
DATA IN-to- 
SUM OUT 


CARRY IN-to- 
SUM OUT 


~N 
N 
oO 


ig 
© 


DATA IN-to- 
CARRY OUT 


CARRY IN-to- 
CARRY OUT 


L — 
Ww 
jee) > 


Oo 


ZI Input 
-to- 
Z! Output 


Transition Time: 


tTLH 'THL 
Z| Output 


Negative Indicator and 
Overflow Indicator 


All Other 
Outputs 


Minimum Clock Pulse 
Width, tw 


Clock Rise and Fall Time, 
t-CL,t¢CL 


Minimum Set Up Time : ts LH-tSHL 
DATA 


OP CODE 


Minimum Data Hold Time, ty) 4. tHHL 


Maximum Clock Frequency: fo, 
Count Mode 


Shift Mode 


Input Capacitance, C, ANY INPUT 


LEFT 
DATA 
LINE 


LEFT 


DATA © 


LINE 


LEFT 
DATA 
LINE 


CERT 
DATA 
LINE 


CD4057A Types 


LOGIC DESCRIPTION 
OPERATIONAL MODES 


The CD4057A arithmetic logic unit operates 
in one of four possible modes. These modes 
control the transfer of information, either 
serial data or arithmetic operation carries, to 
and from the serial-data lines. Fig. 8 shows 
the manner in which the four modes control 
the data on the serial-data lines. 


aaiieetieatiteatiintitentiantientiben 


1, eo co 
ee ee 
) © LIN 


; 
ee a 


BYPASS 
] i} 
5° o” Vss! RIGHT +—+{wooe 1 Y 
I ; LINE 
Mess ees es! tee ee eg ae | 


BYPASS 


! 
Mh a ae, Peete, ey cs a 
BYPASS 


ek pet ee ee eee ee ee ae 


1 e e 1! 5 

VSS ““o-{MODE S}o*” Bs} _ RIGHT 4 
3 obey auone 
| LIN 


| 
Mess co. eee oS, Met este al 92CS-20252RAI 
BYPASS 


Fig. 8 — Schematic of “Mode” concept. 


In MODE 0, data can enter or leave from 
either the left or the right 
serial-data line. 

In MODE 1, data can enter or leave only on 
the left serial-data line. 

In MODE 2, data can enter or leave only 
on the right serial-data line. 

In MODE 3, serial data can neither enter 


nor leave the register,regardless . 


of the nature of the operation. 

Furthermore, the register is 

by-passed electrically, _i.e., 

there is an electrical bidirec- 

tional path between the right 

and left serial data terminals. 
The two input lines labeled C1 and C2 in 
the terminal assignment diagram define one 
of four possible modes shown in Table |. 
Through the use of mode control, individual 
arithmetic arrays can be cascaded to form 
one large processor or many processors of 
various lengths. 


TABLE |! — MODE DEFINITION 


Examples of how one %” hard-wired ” 
combination of three ALU’s can form (a) a 
12-bit parallel processor, (b) one 8-bit and 
one 4-bit parallel processor, or (c) three 
4-bit parallel processors. merely by changes 
in the modes of each ALU are shown in 
Fig. 10. 
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DATA- 
ROTATE-I OUT 


(Rol) CONTROL 04 


3 


FUNCTION 


FUNCTION 
SELECT #* AND 


MODE 


MODE *__ 
SELECT 


A 

CONDITIONAL 8 
INPUTS # 

Cc 


CONTROL 


ARITHMETIC 
CELL 
No.4 


CONDITIONAL 
TO CARRY 
OUT LOGIC 


GATING 


OVER FLOW 
F/F 
TG 


OVERFLOW OVERFLOW LEFT NEG 
1/0 IND. SERIAL IND 
ATA 
LINE 


PARALLEL DATA 


IN/OUT LINES RIGHT 
DATA zI 
03 02 Ol LINE INPUT 
67 


ED) 


REGISTER i: 
CELL CELL 


ARITHMETIC ARITHMETIC 
CELL CELL 
No3 


ARITHMETIC 


TO CARRY 
OUT LOGIC 


OUTPUT (Ro2) 


Yoo 92CM-21876R! 


*aLL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 


vss 


Fig. 9 — Simplified logic diagram. 


Data-flow interruptions are shown by shaded 
areas. With these three ALU’s and the four 
available modes, 61 more system combina- 
tions can be formed. If 4 ALU’s are used, 
44 combinations (256) are possible. Fig. 77 

shows a diagram of 4 CD4057A’s inter- 
connected to form a 16-bit parallel processor. 


92CS-20254 
Fig. 10 — “Mode” connections for parallel 
processor: 
(a) 12-bit unit, 
(b) one 8-bit and one 4-bit unit 


(c) three 4-bit units. 


NOTE: The BYPASS terminal of the ““most 
significant’’ CD4057A is connected to the 
bypass terminal of the “‘least significant’ 
CD4057A. The bypass terminals on all other 
CD4057A’s are left floating. This inter- 
connection is performed whenever more 
than one CD4057A are used to form a 
processor. 


INSTRUCTION REPERTOIRE 


Four encoded lines are used to represent 
16 instructions. Encoded instructions are as 
follows: 


abcd 

0 00 0_ NO-OP (Operational Inhibit) 

0001 AND 

0 01 0 Count down 

0011 #£4Countup 

0 10 0 _- Subtract Stored number 
from zero (SMZ) 

0 1 0 1 Subtract from parallel data 
lines (SM) (stored number from 
parallel data lines) 

0 110 = Add (AD) 

0 1 1 Subtract (SUB) (Parallel data 
lines from stored number) 

100 0 Set to all ones (SET) 

100 1 Clear to all zeroes (CLEAR) 

1010 Exclusive-OR 

1011 OR 

1.1 0 0 Input Data (From parallel 
data lines) 

110 1 ~~ Left shift 

1 1 1 0 Right shift 

1 1 1 1 ~~ Rotate (cycle) right 


All instructions are executed on the positive 
edge of the clock. 


PARALLEL COMMANDS 


a. CLEAR -— sets register to zero. 

b. SET —sets register to all ones. 

c. OR —processes contents of register 
with value on parallel-data lines in 
a logical OR function. 

d. AND —processes contents of register 
with value on parallel-data lines in 
a logical AND function. 


e. Exclusive-OR — processes contents 


t. 


of register with data on parallel-data 
lines in a logical Exclusive-OR function. 
IN —loads data on parallel-data lines 
into register. 


g- DATA OUT CONTROL — unloads 


contents of register and overflow 
flip-flop onto parallel data lines and 
overflow I/O independent of all other 
controls. 


h. SUB: 


In Mede O, adds to the contents of 
the register the one’s com- 
plement of the data on the 
parallel-data lines. Carries 
can enter on the right 
serial data line and can 
leave on the left serial 
data line. The overflow 
indicator does not change 
state. 

In Mode 1, adds to the contents of the 
register the two's comple- 
ment of the data on the 
parallel-data lines. Gener- 
ated carries can leave on 
the left serial line. The 
CARRY IN is set to zero. 
The overflow indicator 
does not change state. 

In Mode 2, same as Mode O, except 
carries cannot leave on the 
right serial-data line. The 
absence or presence of an 
overflow is registered. 

In Mode 3, same as Mode 1, except 
Carries cannot leave on the 
left serial-date line. The 
absence or presence of an 
overflow is registered. 

COUNT UP: 

In Mode O, adds to the contents of the 
register the data on the 
right serial-data line and 
permits any resulting carry 
to leave on the left serial- 
data line. No data enters 
the parallel-data lines. 

In Mode 1, internally adds a one to 
the contents of the register 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters or leaves the right 
serial-data line. 

In Mode 2, adds to the contents of the 
register the data on the 
right serial-data line. No 
data enters or leaves the 
left serial-data line. 

In Mode 3, internally adds a one to 
the contents of the register 
No data enters or leaves 
the register on any serial- 
data or parallel-data line. 

In all modes, with the 
DATA OUT control high 
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a 


LEFT SERIAL 
OATA LINE 


(CARRY OUT) 


PARALLEL 


RIGHT SERIAL 
DATA LINE 


(CARRY IN) 


Voo » TERMINAL INTENTIONALLY LEFT FLOATING Yoo Yss 


92CS- 20259 


Fig. 11 — Connection for 16-bit arithmetic logic unit. 


the count is presented on 
the parallel data lines (D1- 
D4). 


COUNT DOWN: 


In Mode O, 


In Mode 1, 


In Mode 2, 


In Mode 3, 


subtracts a one (2’s comple- 
ment form) from the con- 
tents of the register and 
adds to this result the data 
on the right serial-data line 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters on the parallel-data 
lines. 

internally subtracts a one 
from the contents of the 
register and permits any 
resulting carry to leave on 
the left serial-data line. No 
data enters or leaves the 
right serial-data line. 
subtracts a one from the 
contents of the register and 
adds to this result the data 
on the right serial-data line. 
No data enters or leaves on 
the left serial-data line. 
internally subtracts a one 
from the contents of the 
register. No data enters or 
leaves on the serial-data 
lines. 


In all modes, with the DATA OUT control 


high the count is presented on the parallel 


data lines (D1-D4). 
k. ADD(AD): 


In Mode O, 


adds the contents of the 
register to the data on the 
parallel-data lines and the 
right serial-data line. Any 
resulting carry can leave on 
the left serial-data line. The 
overflow indicator does not 
change state. 


In Mode 1, adds the contents of the 


open-circuited. The over- 
flow indicator does not 
change state. The CARRY- 
IN is set to zero. 

In Mode 2, adds _ the contents of the 
register to the data on the 
parallel data lines and the 
right serial-data line. Any 
overflow sets the overflow 
indicator. The left serial- 
data line is open-circuited. 
The absence or presence of 
an overflow is registered. 

In Mode 3, adds contents of the register 
to the data on the parallel- 
data lines. Any resulting 
carry sets the overflow indi- 
cator. The two serial-data 
lines are open circuited. The 
absence or presence of an 
overflow is registered. The 
CARRY-IN is set to zero. 

I. SM — same operation as AD except the 
contents of the register are two’s comple- 
mented during addition in Mode 1 and 
Mode 3. in Mode 0 or Mode 2, the con- 
tents of the register are one’s comple- 
mented and added to the data on the 
right serial-data line and the parallel- 
data lines. Overflows occurring in Mode 
1 or Mode O do not alter the overflow 
indicator. The presence or absence of 
overflows is registered on the overflow 
indicator in Mode 2 or Mode 3. 

m. SMZ: 

In Mode 0, one’s complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Any resulting carry can 
leave on the left serial- 
data line. The overflow 
indicator does not change 
state. 

In Mode 1, two’s complements the 


CD4057A Types 


line. The overflow indi- 
cator does not change 
state. The CARRY-IN is 
set to zero, 

In Mode 2, one’s complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Carries cannot leave the 
left serial data line. The 
absence or presence of an 
overflow alters the 
overflow indicator. 

In Mode 3, two’s complements the 
contents of the register. 


Serial data can _ neither 
enter the right serial- 
data line nor leave the 
left serial-data line. The 
overflow indicator is at 
zero. The CARRY-IN is 
set to zero. 


n. NO-OP — no operation takes place, 
The clock input is inhib- 
ited and the state of all 
registers and_ indicators 


remains unchanged. 


SERIAL-SHIFT OPERATIONS 

a. ROTATE (cycle) RIGHT — This opera- 
tion is internal. The contents of the 
register shift to the right, cyclic fashion 
with the leftmost stage accepting data 
from the rightmost stage regardless of 
the mode. Data can leave the register 
serially on the right data line only while 
the register is in Mode 1 or Mode 0. 
Data can enter the left data line serially 
while the register is in Mode 1 or Mode 
0. The Roi terminal of the ‘Most 
Significant’’ CD4057A must be connect- 
ed to the Ro2 terminal of the ‘’Least 
Significant’’ CD4057A. All other Rot 
and Ro2 terminals must be left floating. 
When only one CD4057A is used, Rol 
must be connected to Ro2. 


b. RIGHT SHIFT — The contents of the 
register shift to the right and serial opera- 
tions are as follows: 

In Mode O, data can enter serially on 
the left data line, shift 
through the register, and 
leave on the right data 
line. 

In Mode 1, data can enter serially on 
the left data line. The 
right data line effectively 
is open - circuited. 

In Mode 2, data can leave serially on 
the right data line. The left 
data line effectively is open- 
circuited. Vacant spaces are 
filled with zeros. 


register to the data on the 
parallel-data lines and allows 
any resulting carry to leave 
on the left serial-data line. 
The right serial-data line is 


contents of the register 
and permits any carry to 
leave on the left serial- 
data line. No data can 
enter the right serial-data 


In Mode 3, 


serial data can neither en- 
ter nor leave the register; 
however,the contents shift 
to the right and vacated 
places are filled with zeros. 


ene nr ee ere sree reese ere ences 
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In all modes, with the DATA OUT 
control high the data is presented 
on the parallel data lines (D1-D4). 


c. LEFT SHIFT — The contents of the 
register shift to the left and serial 
operations are as follows; 

In Mode 0, data can enter the right 
data line, shift through the 
register, and leave on the 
left data line. 

In Mode 1, data can leave serially on 
the left data line. The right 
data line effectively is 
open-circuited. All vacant 
positions are filled with 
zeros. 

In Mode 2, data can enter serially on 
the right data line. The 
left data line effectively is 
open-circuited. 

In Mode 3, data can neither enter nor 
leave the register; however, 
the contents shift to the 
left, and vacated places 
are filled with zeros. 

In all modes, with the DATA OUT 

control high the data is presented on 

the parallel data lines (D1-D4). 


Because the “DATA OUT” control instruc- 
tion is independent of the other 16 instruc- 
tions, care must be taken not to activate 
this control when data are to be loaded into 
the processor. This instruction should only 
be activated when the processor is executing 
a NO-OP, any SHIFT, SMZ, COUNT UP or 
DOWN, CLEAR, or SET. 


If a data line, serial or parallel, is used as an 
input and the logic state of that line is not 
defined (i.e., the line is an open circuit),then 
the result of any operation using that line is 
undefined. 


OPERATIONAL SEQUENCE FOR 
ARITHMETIC ADD CYCLE 


1. Apply IN Instruction and Word A on 
Parallel Data Lines (D1—D4). 

2. Apply CLOCK to load Word A into 
the register. 

3. Apply OP CODE Instruction and Word 
B on Data Lines. 

4. Apply CLOCK to load resulting 
function of A and B into the register. 

5. Apply “DATA OUT” control to 
present result to Parallel Data Lines. 


NOTE: Transitions of Step 2 and Step 3 
may occur almost simultaneously: i.e. 
separated by only one data-hold time. 
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NOTES: Rol CONNECTED TO Ro2; BY PASS IS OPEN, ZI CONNECTED TO Vpp. REGISTER IN MODE 3. 
*SOLID LINE REPRESENTS INPUT FROM EXTERIOR SOURCE WHEN “DATA OUT" IS LOW; DASHED LINE maaan 


REPRESENTS OUTPUT WHEN “DATA OUT“IS HIGH. 


Fig. 12 — Timing diagram. 


NEGATIVE-NUMBER DETECTION 


The NEG IND terminal of the CD4057A is 
connected to the output of the flip-flop 
that is in the most significant bit position. 
A “1” on the NEG IND terminal indicates 
a negative number is in the register. This 
detection is also independent of modes. 


ZERO DETECTION 


The condition of “‘all zeros” is indicated 
by a “1” on the Zero Indicator terminal 
of the “Most Significant’’ CD4057A. 

As shown in Fig. 11, terminal ZI of the 
CD4057A containing the least significant 
set of bits is connected to Vpp. Zero 
indication is independent of modes. 


COMPLEMENTING NUMBERS 


1. One’s complement of number in ALU 
register. 


a) ALU must be in MODE 0 or MODE 2. 


b) Zero on Rt. Data Line. 
c) Execute an SMZ instruction. 


(Continued) 


OVERFLOW 
INDICATOR 


NEGATIVE 
INDICATOR 


® SOLID LINE REPRESENTS INPUT 
FROM EXTERIOR SOURCE WHEN 
"DATA OUT” IS LOW. DASHED LINES 
REPRESENT OUTPUT WHEN “DATA 


OUT” IS HIGH 92CS-21077 


Fig. 13 — Add cycle waveforms. 


2. One’s complement of number to be 
loaded into ALU register. 

a) If zero indicator output is low, 
execute a CLEAR instruction, and 
make Rt. Data Line = 0. 

b) ALU must be in MODE 0 or MODE 2. 


c) Execute an SUB instruction. 
3. Two’s complement of number in ALU 
register. 
a) ALU must be in MODE 1 or MODE 3. 
b) Execute an SMZ instruction. 
4. Two’s complement of number to be 
loaded into ALU register. 
a) If zero indicator output is low, 
execute a CLEAR instruction, 
and make Rt. Data Line = 0. 
b) ALU must be in MODE 1 or MODE 3. 
c) Execute an SUB instruction. 
The following algorithms are given as a 
general guideline to demonstrate some of 
the capabilities of the CD4057A. 


MULTIPLICATION OF 
TWO N-BIT NUMBERS 


Register 1 


(2N Bits) 


; .0/00 ae G4 .0/A, : a4 . -AN—14 


—_,-__ 


Multiplier 


Register 2 


(2N Bits) 


©... .00/B, . by.. .byy—4 


ns 


Multiplicand 
“A, and B, are sign bits 


Multiplication Algorithm 
1. Clear ALU to Zero 


2. Store A,® B, in External Flip-Flop. 


If A, = 1, Complement Register 1. 
. If B, = 1, Complement Register 2. 
. Load Register 2 into ALU. 
. Do shift Left on ALU N Times 
(N = number of bits). 
7. Do N Times: 
(1) 
a) If MSB of ALU = 1 
(Negative Indicator = High), 
Then shift ALU left 1 bit; 
add Register 1 to ALU. 
b) If MSB of ALU = 0 
(Negative Indicator = Low) 
Then shift ALU left 1 bit. 
8. If A, @ B, = 1, then Complement 
ALU. 
9. Answer in ALU. 


Ooh Ww 


Division Algorithm 


CD4057A 
ALU 1 
(N Bits) 


CD4057A 
ALU 2 
(N Bits) 


Dividend 


Register A 
(N Bits) 


Divisor 


1. Store A, G) B, in External Flip-Flop. 
2. If A, = 1, complement ALU 1 and ALU 2. 


3. If B,= 1, complement Register A. 

4. Check for Divisor = 0 
a) If Divisor = 0; stop, indicates 

division by 0. 
b) If Divisor #0; continue. 

5. Apply SUB instruction to ALU 1 
and the contents of Register A to 
ALU 1 data lines. 

6. Putazeroon RT data line of ALU 
2 and shift ALU 1 & ALU 2 leit 1 
bit. 

7. Do “‘N” times. 

(1) Apply a sub instruction to ALU 1 
and the contents of Register A to 


the ALU 1 data lines. 
a) If Co = 1, then clock ALU 1, and 
put a 1 on right data line of ALU 2. 
b) If Co = 0, then do not clock, and put 
a 0 on right data line of ALU 2. 


(2) Shift left 1 bit. 
8. If sign Flip Flop = 1, complement 


ALU 2. 
9. Answer in ALU 2.. 


CONDITIONAL OPERATION 

Inhibition of the clock pulse can be accom- 
plished with a programmed NO-OP instruc- 
tion or through conditional input terminals 
A,B,and C.In a system of many CD4057A’s, 
each CD4057A can be made to automati- 
cally control its own operation or the 
operation of any other CD4057A in the 
system in conjunction with the Overflow, 
Zero, or Negative (Number) indicators. 
Table II, the conditional inputs, truth 
table, defines the interactions among A,B, 
and C. 
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TABLE 11 — CONDITIONAL-INPUTS 
TRUTH TABLE 


X = don’t care 


Two examples of how the conditional 
operation can be used are as follows: 
1) For the Multiplication Algorithm 


A = 1, for step 7 (1) 
A = 0, for step 7 (2) 
B=1 
C = negative Indicator 
2) For the Division Algorithm 


A = 1, for step 7 (1) 
A = 0, for step 7 (2) 
B=1 

C=C, (left data line) 


OVERFLOW DETECTION 


The €D4057A is capable of detecting and 
indicating the presence or absence of an 
arithmetic two’s-complement overflow. A 
two’s-complement overflow is defined as 
having occurred if the signs of the two initial 
words are the same and the sign of the result 
is different while performing a carry-gener- 

ating instruction. 


0.011 
(+) 0.110 
1.001 


Overflows can be detected and _ indicated 
only during operation in Mode 2 or Mode 3 
and can occur for only four instructions 
(AD, SMZ, SM, and SUB). If an overflow is 
detected and stored in the overflow flip-flop, 
any one of the five instructions AD, SMZ, 
SM, SUB, or IN can change the overflow 
indicator. 

When any of the three subtraction instruc- 
tions is used, the sign bit of the data being 
subtracted is complemented and this value 
is used as one. of the two initial signs to 
detect overflows. If an overflow has occur- 
red, the final sign of the sum or difference is 
one’s complemented and stored in the most- 
significant-bit position of the register. 

The overflow flip-flop is updated at the same 
time the new result is stored in the 
CD4057A. Whenever data on the parallel- 
data lines are loaded into the CD4057A, 
whatever is on the Overflow 1/0 line is 
loaded into the overflow flip-flop. Also, 
whenever data are dumped on the parallel 
data lines from the CD4057A, the contents 
of the overflow flip-flop are dumped on the 
Overflow 1/0 line. Thus overflows may be 
stored elsewhere and then fed into the 
CN4057A at another time. 


For example: 
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OPERATIONAL SEQUENCE 2. 
AND WAVEFORMS FOR 
PROPAGATION-DELAY MEASUREMENTS 


1. DATA-IN-to-CARRY OUT and DATA 
IN-to-SUM OUT 


CARRY IN-to-CARRY OUT and CARRY 
IN-to-SUM OUT 


A. Apply Word A and IN instruction 
B. Apply Clock to load word A into 


register 
A. Apply Word A and IN instruction C. Apply AD instruction 
B. Apply Clock to load word A into D. Apply Word B 
register E. Apply CARRY IN (carry in) 
C. Apply AD instruction F. Apply Clock to load result 
D. Apply Word B (data in) (sum out) 
E. Apply Clock to load result G. Apply DATA OUT CONTROL 
(sum out) to look at result 
F. Apply DATA OUT CONTROL 
to look at result 
INPUT a INPUT a 
INPUT b INPUT b 
INPUT ¢ INPUT c 
INPUT d INPUT d 


DATA OUT CONTROL 


DATA OUT CONTROL 


pata I* DATA I* 


DATA 2* DATA 2* 


DATA 3" DATA 3" 


DATA 4* oaTa 4" 


CLOCK CLOCK 


CARRY OUT CARRY IN 

@ ata IN 

@ carry out CARRY OUT 

* SOLID LINE REPRESENTS INPUT | | 
@ sum out : RSENS EY pes 
© —©@ ata in TO CARRY OUT “DATA Our ‘s Low. DASHED LINES 
REPRESENT OUTPUT WHEN “DATA © carey in 

@ —+© pata in To sum ouT OUT" IS HIGH pare-arere 
@ carry out 
@® sum out * SOLID LINE REPRESENTS INPUT 


FROM EXTERIOR SOURCE W 


HEN 
© — @ carry IN TO CARRY OUT "DATA OUT" IS LOW. DASHED LINES 


REPRESENT OUTPUT WHEN “DATA 
@ —= @carry in TO Sum OuT 


OUT” IS HIGH 
92CS-21879 


Fig. 14(a) — DATA IN-to-CARRY OUT and 


DATA IN-to-SUM OUT. 
TYPICAL APPLICATION 
The CD4057A has been designed for use as a 
parallel processor in flexible, programmable, 
easily expandable, special or general purpose 
computers, where minimization of external 


— CARRY IN-to-CARRY OUT and 
CARRY IN-to-SUM OUT. 


Fig. 14(b) 


8 bits in parallel. 


(8) CO406iA 256x!i RAMs 8-BIT DATA BUS 


8 ADDRESS LINES 


| READ/WRITE LINE 


SERIAL 
DATA 
LINES 


Let 
CLOCK 
Ges 
[umes | 


CLOCK CONTROL LINES 


ROM FOR 
ADDRESS LINES 
CONTROL LINES 


Fig. 18 — Example of computer organization using CD4057A. 
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CD4034A 
INPUT-OUTPUT 


— ETT EE VS Ca (EE ae 
pr resis ER 
eed 


Voo 
INPUTS OUTPUTS 
Yoo" ¥NH 
° 
VNL 
NO 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 


g2cs-27400 YOO OR Vss- 


Fig. 15 — Noise-immunity test circuit. 


INPUTS 


Vss 
92CS- 27401 


Fig. 16 — Quiescent-device-current 
test circuit 


INPUTS 


Voo NOTE: 


MEASURE INPUTS 
SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vss: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vss- 


92CS-27402 


Fig. 17 — Input-leakage-current 
test circuit. 


connections and data busing are primary 
design goals. The block diagram of Fig. 18 
is an example of a computer that processes 


EXTERNAL 
DATA 


92CM~-21882 


CMOS Programmable 


Divide-by-"‘N” Counter 


Standard ‘’‘A’’-Series Types (3-to-15-Volt Rating) 


RCA-CD4059 standard ‘‘A’’-Series types are 
divide-by-N down-counters that can be pro- 
grammed to divide an input frequency by 
any number “‘N” from 3 to 15,999. The out- 
put signal is a pulse one clock-cycle wide 
occurring at a rate equal to the input fre- 
quency divided by N. This single output has 
TTL drive capability. The down-counter is 
preset by means of 16 jam inputs. 


The three Mode-Select Inputs Ka, Kb, and 
Ke determine the modulus (‘‘divide-by”’ 
number) of the first and last counting sec- 
tions in accordance with the truth table 
shown in Tablel. Every time the first 
(fastest) counting section goes through one 
cycle, it reduces by 1 the number that has 
been preset (jammed) into the three decades 
of the intermediate counting section and into 
the last counting section, which consists of 
flip-flops that are not needed for operating 
the first counting section. For example, in 
the + 2 mode, only one flip-flop is needed 
in the first counting section. Therefore 
the last counting section has three flip-flops 
that can be preset to a maximum count of 
seven with a place value of thousands. If 
+ 10 is desired for the first section, Ka is 
set to 1, Kb to 1, and Kc to 0. Jam Inputs 
J1, J2, J3, and J4 are used to preset the 
first counting section and there is no last 
counting section. The intermediate counting 
section consists of three cascaded BCD de- 
cade (+ 10) counters presettable by means 
of Jam Inputs J5 through J16. 


The Mode-Select Inputs permit frequency- 
synthesizer channel separations of 10, 12.5, 
20, 25, or 50 parts. These inputs set the 
maximum value of N at 9999 (when the 
first counting section divides by 5 or 10) or 
15,999 (when the first counting section 
divides by 8, 4, or 2). 

The three decades of the intermediate count- 
ing section can be preset to a binary 15 in- 
stead of a binary 9, while their place values 
are still 1, 10, and 100, multiplied by the 
number of the + N mode. For example, in 
the + 8 mode, the number from which count- 
ing-down begins can be preset to: 


3rd decade: 1500 

2nd decade: 150 

1st decade: 15 

Last counting section 1000 


The total of these numbers (2665) times 
8 equals 21,320. The first counting section 
can be preset to 7. Therefore, 21,327 is the 
maximum possible count in the + 8 mode. 

The highest count of the various modes is 
shown in the column entitled Extended 


Counter Range of Table 1. Control inputs 
Kb and Ke can be used to initiate and lock 
the counter in the ‘master preset’’ state. 
In this condition the flip-flops in the counter 
are preset in accordance with the jam in- 
puts and the counter remains in that state 
as long as Kb and Kc both remain low. The 
counter begins to count down from the 
preset state when a counting mode other 
than the master preset mode is selected. 


The counter should always be put in the 
master preset mode before the +5 mode is 
selected. 


Whenever the master preset mode is used, 
control signals Kb=Q and Kc=0 must be 
applied for at least 3 full clock pulses. 


After the Master Preset Mode inputs have 
been changed to one of the + modes, the 
next positive-going clock transition changes 
an internal flip-flop so that the countdown 
can begin at the second positive-going clock 
transition. Thus, after an MP (Master Preset) 
mode, there is always one extra count before 
the output goes high. Fig.1 illustrates a 
total count of 3 (+ 8 mode). If the Master 
Preset mode is started two clock cycles or 
less before an output pulse, the output pulse 
will appear at the time due. If the Master 
Preset Mode is not used the counter jumps 
back to the “JAM” count when the output 
pulse appears. 


Ke (Ka=Kb*0) 
INTERNAL STATE 
OF COUNTER 

OUTPUT 


3] 3/3) 3) 2 |m331 2 lm3!3) 2 ld shall 


92CS- 24891 


Fig.1 — Total count of 3. 


A “1” on the Latch Enable input will cause 
the counter output to remain high once an 
output pulse occurs, and to remain in the 
high state until the latch input returns to 
“O"’. If the Latch Enable is ‘‘0’’, the output 
pulse will remain high for only 1 cycle of 
the clock-input signal. 


As illustrated in the sample applications, this 
device is particularly advantageous in com- 
munication digital frequency synthesis (VHF, 
UHF, FM, AM, etc.) where programmable 
divide-by-’’‘N’’ counters are an integral part 
of the synthesizer phase-locked-loop sub- 
system. The CD4059A can also be used to 
perform the synthesizer ‘Fixed Divide-by-R”’ 
counting function. It is also useful in general- 
purpose counters for instrumentation func- 
tions such as totalizers, production counters, 
and ‘‘time out”’ timers. 


CD4059A Types 


TOP VIEW 
92CS- 22212RI 


TERMINAL DIAGRAM 


Operational and Performance Features: 

@ Synchronous Programmable + N Counter: 
N = 3 to 9999 or 15,999 

@ Presettable down-counter 

@ Fully static operation 

= Mode-select control of initial decade 

counting function (+ 10,8,5,4,2) 

T2L drive capability 

Master preset initialization 

Latchable + N output 

Quiescent current specified to 15 volts 

Max. input leakage current of 1 vA at 15 

volts full package-temperature range 

# 1 volt noise margin, full package- 
temperature range 

m 5-V and 10-V parametric ratings 

Applications 

= Communications digital frequency 
synthesizers: VHF, UHF, FM, AM etc. 

= Fixed or programmable frequency 
division 

ws “Time out’ timer for consumer-appli- 
cation industrial controls 

# Companion Application Note,ICAN-6374, 
“Application of the CMOS CD4059A 
Programmable Divide-by-N Counter in 
FM and Citizens Band Transceiver 
Digital. Tuners” 


The CD4059A series types are available ina 
24-lead ceramic dual-in-line package (D 
and F suffixes), 24-lead dual-in-line plastic 
package (E suffix), 24-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 
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MAXIMUM RATINGS, Absolute-Maximum Values: OPERATING CONDITIONS AT T, = 25°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) (Unless otherwise specified) 

(Voltages referenced to Vgg Terminal) ........... ccc s cece ence eee eee e renee ee en eens: -0.5 to +15 V For maximum reliability, nominal operating condi- 
INPUT VOLTAGE RANGE, ALLINPUTS cvs cavsnsnncexnndavcsnsecdatavaectsesns -0.5 to Vpp +0.5 V Wise sat hacen ox enn awake 
POWER DISSIPATION PER PACKAGE (Pp): within the following ranges. 

For Ty = ~40 to +60°C (PACKAGE TYPE E) ........csscececcerecnecerteereereseeesee ones 500 mW = _ 

For Ty = +60 to +85°C (PACKAGE TYPE E) ..............sseeeeeee eee Derate Linearly to 200 mw aracteristic 

For T, = -55 to +100°C (PACKAGE TYPES D, K, H) ........-.eeeeeeeee ee eee cerns eee neees 500 mW Supply Voltage 

For T, = +100 to 4125°C (PACKAGE TYPES DL KK.) ssevscasccs cases es Derate Linearly to 100 mW Range 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR (over full temp. 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...........-+----- 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): Cinek Pulse 

PAGKAGE TYPES OKLA sacctsccivassasccccicsactededcevesss susennssesuavsans een -55 to +125°C 

PACKAGE TYPE Es dvededscvcrtierscdewesv00 esse wade wands ntedensananeenanweedenes -40 to +85°C 
STORAGE TEMPERATURE RANGE (Totg)...-+- 00 seseeeeeceeee eee eeeeeeeeeeeeeees -65 to +150°C — see 
LEAD TEMPERATURE (DURING SOLDERING): | ho eal 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ........ eee eee eee eee +265°C Clock Input Rise 


and Fall Time 


STATIC ELECTRICAL CHARACTERISTICS 


Limits 
a at —55°C,+25°C,+125°C Apply to D, K, H, Packages 
Characteristic Vo! Vin | Vpb Values at —409C,+25°C,+85°C aT la to E —— 


(V)} (Vv) +850 


Quiescent Davies |. ine 0 
0.0 


Current, | 400 | 


+ 
‘ee 
BRRSSERease fH 2 sens rH te 
sce Thiod 
eageesees at : 

HH ole fe 
es init ++4y s + + 


is] 
(eo) 
rT 
a 
Seaaae 
an 


ttt] GATE- TO- SOURCE * 
TET E VOLTAGE ( Vgg)= 5 


20 LA 


n- CHANNEL DRAIN CURRENT (Ip N)—mA 


DRAIN- TO- SOURCE VOLTAGE ( Vps)—V 
92CS-26939 


Output Voltage: 
Low Level, 
VO 


High Level, 


Fig.2 — Minimum output n-channel 
drain characteristics. 


< 


Noise Immunity: 
Inputs Low, 
VN 
Inputs High, 


N 
NO 
on NO TN 


N 

N 

oO 
< 


'200- mw CONSTANT | 
POWER LOCUS 


Noise Margin: 
Inputs Low, 
VNML Min. 
Inputs High, 
VNMH Min. 


n- CHANNEL DRAIN CURRENT (IpN)—mA 


i. > 
COONS 
Bneeea Yeue. tan 
COON Soe 


Output Drive DRAIN- TO- SOURCE VOLTAGE ( Vps)—V 
Current: 92CS-26940 
N-Channel Fig.3 — Typical output n-channel 
(Sink) : . drain characteristics. 

IDN Min. 


P-Channel 
(Source) 
IpP Min. 


DRAIN- TO -SOURCE VOLTAGE (Vp<s)—V 


15° =10 
ecaaee 

AMBIENT TEMPERAT » Hoo 
ERATURE (T, )=25 adsesee H 


BeBe he 
wane 
198 

°o 


wo’ 


ee 
++ GATE- TO- SOURCE voltae? (Vgs)= 


< 


SGGGn “88.688. 1888 


Input Leakage 
Current:* 
lie, tH Max. 


SRRas. WO. ORR BEB 
SSG88 8e8e. * a8 
SSSReauasea. “\e 


a 
ann 
COON 
saseasa—cee- 8 
coo ace 
COCO SS SON 
ae 

Se SSReReeeeseeseeeee. * 
' 


QR SSE Reese 
So URRR CER: wo apea 


eo 
B 
28." 68888 e888 


OGG \SSRSs enn 


* Any Input 


TAT 
eae 


eae 
| 


eseeee 
p- CHANNEL DRAIN CURRENT (IpP)-mA 


92CS-24321 


criti 
ite seeee ane 


Fig.4 — Minimum output p-channel 
drain characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT Tg = 25°C, Cy =50 pF, Input ty, t¢ = 20 ns, DRAIN-TO-SOURCE VOLTAGE ( Vps)~ v 
RL = 200 k9 : 


LIMITS 
CHARACTERISTIC ALL PACKAGES 


200- mw dad 3 


POWER LOCUS 


Propagation Delay Time; tpy_. tPLH 


Transition Time: 


p- CHANNEL DRAIN CURRENT (IpP)-mA 


92CS-24320R! 


Fig.6 — Typical output p-channel! 
drain characteristics. 


Maximum Clock Input Frequency, fei 


Average Input Capacitance, Cy 
(any input) 


PROGRAM JAM INPUTS (BCD) 


| ee TT a TA EEN OE gE ATE EE ERE STEED, 
OOO®G OOABAYD ONOWH ODA® 


(PLH) 


a Siisssee 
uss ieasasian 
a 

Hf 


: Serre see 
Eeafeesd eerieee ater 
eau uu Hi 


ul | v2} v3} u4 J5| v6] v7] us J9} vio} uit} vi2 J13| JI4] vis} uI6 
P.E. 
Vsg @)— PRESETTABLE LOGIC 


LOW-TO-HIGH PROPAGATION DELAY TIM 


LOAD CAPACITANCE (C,_)—pF 
92CS- 26941 
Fig.7 — Typical low-to-high propagation delay 
time vs. load capacitance. 


LAST 
COUNTING 


COUNTING 


CK 
rie (1) _ SECTION _ SECTION 
—10,8,5,4,2 —~rl,2 12,4,8 
WwW 
= 
= 
>~ 
: 
RECOGNITION ra} 
GATING z 
{o) 
z 
3 
& 
Ka g 
MODE 8 nied PRESET 3 
SELECT ¢ (3-0 CONTROL ENABLE a 
INPUTS Ke S 
D Pa matt acon 
© ach : 2 ims ant 
OUTPUT DIVIDE -BY-N = OEE CT See ee th 
LATCH (>) C3 ouTPuT crete ssengeeaeseesheeeusss 
ENABLE i0 20 30 40 #50 60 70 80 90 + #&100 
LOAD CAPACITANCE (C.)—pF 
Von 92CM- 22213Ri 92CS-26942 
Fig.8 — Typical high-to-low propagation delay 
time vs. load capacitance. 
ALL INPUTS (TERMS. 1-11, 13-22) PROTECTED 
BY CMOS PROTECTION NETWORK 
Vss Fig.5 — Functional block diagram. 


TRANSITION TIME (try) 9s 


LOAD CAPACITANCE (C, )—pF 


92CS-24322RI 
Fig.9 — Typical low-to-high transition time 
vs. load capacitance. 
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TABLE I 


MODE FIRST COUNTING LAST COUNTING COUNTER 
SELECT SECTION SECTION RANGE 
INPUT | DESIGN | EXTENDED 


o 
4 
| 

ie, 
x 
- 

WwW 

= 

- 

2 

° 

ad 

” 

2 

q 

« 

= 

= 

Sg 

' 
F 
x 
2 
=x 


Can be 
preset preset 
toa Jam“ toa 
max inputs i max inputs 
of: used: ‘ of: 
10 20 30 40° J1 d233,06 17,331 
LOAD CAPACITANCE (c- a 
92CS- 26943 4 S142 J3,J4 15,999 18,663 
Fig.10 — Typical high-to-low transition time J1,J2,J3 9,999 13,329 


vs. load capacitance. 


J1 92,53 15,999 21327 
J1,J2,33,J4 9,999 16,659 
MASTER PRESET - - 


AMBIENT TEMPERATURE (Ta )= 25°C! 17+ > 
LOAD CAPACITANCE (C.)= 50 pF + 
Tot 


a tT ity : 
Toe 
ott Tt 
++ 
t+ 


+ + + 
rt + + ++ 
ie ++ ++ ; ae ae ++ + + 
si tt ++ ttre tebe ttte 
+ ++ ++ ter 
| 


X = Don‘t Care # Operation in the +5 mode (1St counting section) requires 
4 J1 = Least significant bit. going through the Master Preset mode prior to going into 
the +5 mode. At power turn-on, kc must be a logic “O” 
for a period of 3 input clock pulses after Vpp reaches 


a minimum of 3 volts. See Fig. 21 for a suggested external 
preset circuit. 


HOW TO PRESET THE CD4059A TC DESIRED = N 


J4 = Most significant bit. 


see be ee hed ag be atte ge ead ede 


MAXIMUM CLOCK FREQUENCY (fc, )—MHz 


SUPPLY VOLTAGE (Vpp) —V 


92CS- 26944 


The value N is determined as follows: 


Fig.11 — Typical max. clock frequency N=[{[MODE*] (1000 x Decade 5 Preset + 100X Decade 4 (1) 
vs. supply voltage. 


Preset + 10X Decade 3 Preset + 1X Decade 2 Preset ] + Decade 1 Preset 


B| AMBIENT Used lal ae asec Ft + Th * MODE= First counting section divider (10, 8, 5, 4 or 2) 
_ To calculate preset values for any N count, divide the N count by the Mode. 
r The resultant is the corresponding preset values of the 5th through 2nd 
Fa decade with the remainder being equal to the 1st decade value. 
2 
5 Preset Value = — (2) 
Examples: 
: A) N = 8479, Mode = 5 MODE SELECT =5 


i ing Preset Values 


5 | 8479 Ka Kb Ke 


92CS- 26954 Mode bart 1 @) 1 


Fig.12 — Typical power dissipation vs. 
input frequency. 


10 102 
INPUT FREQUENCY (f)— kHz 


PROGRAM JAM INPUTS (BCD) 
4 1 5 9 6 


MODE SELECT =8 


OC OO cowoerv’’{/_'"--—"—\ i i 
s sniiaiie Wop)=10V-_ J1 J2 J3 J4 9 JSS JSG 7 SB SD S10 S11 12s “S13 “S14 “S15 S16 
0 Haat HH 0011 #701 0 14 0 0 1 0 1 71 #0 
2 isatlaMtie ail 
iS CoA To verify the results use equation 1 : 
Z — 
é N =5(1000X 1+100X6+10X9+1X5)+4 
: N = 8479 
J 
2 


B) N= 12382, Mode = 8 
1547 +6 Ka Kb Ke 


4 
| 
CLOCK INPUT FREQUENCY (f;,)— KHz 8 | 12382 0 0 1 


92CS-26945 


Fig.13 — Typical power dissipation 
vs. Clock input frequency. 
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PROGRAM JAM INPUTS 


6 1 7 4 5 
———————_$——_—_—_ S$ ———"————— _ a 
J1 J2 J3 J4 J5 J6 J7 J8 9 J10 J11 J12 J13 J14 J15 J16 
O 1 1 1 1 1 #71 =«0 0 O 1 0 1 0 1 0 

To verify: 

N = 8 (1000 X 1+100X5+10X4+1X7)+6 
N = 12382 


MODE SELECT = 10 


C) N = 8479, Mode = 10 
0847 +9 Ka Kb Ke 


10| 8479 1 #1 =O 


PROGRAM JAM INPUTS 


9 7 4 8 
——eeeoosN a ia, ae aan, 


J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 J12 J13 J14 J15 J16 
1 0 © 1 | 1 T @Q 0 600 1 0 0 0 0 1 
To Verify: 
N = 10 (1000 X0+ 100X8+10X4+1X7)+9 
N = 8479 


DIGITAL PHASE-LOCKED LOOP (PLL) FOR FM BAND SYNTHESIZER 


OUTPUT CHANNEL 
98.8 to 118.6 MHz SELECT 
f 
“ee * oN n 
veo PRESCALER COUNTER pCOMP 
2.41to | CD4059A 
2.965 


MHz 


XTAL 
OSCILLATOR 


COUNTER 
CD4059A 5 kHz 


2.56 MHz 
LOW-PASS 
FILTER wl 
ed eae 


1) Calculating Min & Max “’N” Values : 


Output Freq. Range (to) = 98.8 to 118.6 MHz 
Channel Spacing Freq. (fe) = 200 kHz 


nae . fe 200 
Division Factor (k) = 40 Reference Freq. (fr) = ag. kHz = 5 kHz 


fo 118.6 MHz 98.8 MHz 
fr, =F: f, Max. = 40. 2.965 MHz; f, Min = 40 = 2.47 MHz 
f 
N= 
fo 
Neg, = LISS MHZ _ a en, = 2:8 MH2_ 494 3 2 S6MHZ 
Max ~ "200 kHz Min ~ 500 kHz 5 kis 
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“CASCADING” VIA OTHER COUNTERS 


Fig. 14 shows a BCD-switch compatible ar- 
rangement suitable for + 8 and + 5 modes, 
which can be adapted, with slight changes, 
to the other divide-by-modes. In order to be 
able to preset to any number from three to 
about 256,000, while preserving the BCD- 
switch compatible character of the jam in- 
puts, a rather complex cascading scheme is 
required. Such a cascading scheme is neces- 
sary because the CD4059A can never be pre- 
set to a count less than 3 and logic is needed 
to detect the condition that one of the num- 
bers to be preset in the CD4059A is rather 
small. In order to simplify the detection 
logic, only that condition is detected where 
the jam inputs to terminals 6, 7, and 9 would 
be low during one count. If such a condition 
is detected, and if at least 1 is expected to be 
jammed into the MSB counter, the detection 
logic removes one from the number to be 
jammed into the MSB counter (with a place 
value of 2000 times the divide-by-mode) and 
jams the same 2000 into the CD4059A by 
forcing terminals 6, 7, and 9 high. 

The clock of the CD4013A may be driven 
directly from the output of the CD4059A, 
as shown by dashed option (1), or by the 
inverted output of the CD4059A, option (2). 
If option (2) is used the CD4029A cannot 
count cycles shorter than 3. If option (1) is 
used propagation delay problems may occur 
at high counting speeds. 

The general circuit in Fig.14 can be simpli- 
fied considerably if the range of the cas- 
caded counters does not have to start at a 
very low value. Fig.15 shows an arrange- 
ment in the + 4 mode, where the counting 
range extends in a BCD-switch compatible 
manner from 88,003 to 103,999. The ar- 
rangement shown in Fig.15 is easy to follow; 
once during each cycle, the less significant 
digits are jammed in (14,712 in this case) 
and then 11,000 (4 x 2750) is jammed in 
eight times in succession, by forcing jam in- 
puts high or low, as required. 

Numbers larger than the extended counter 
range can also be produced by cascading 
the CD4059A with some other counting 
device. Fig.16 shows such an arrangement 
where only one fixed divide-by number is 
desired which is close to three times the ex- 
tended counter range as shown in the last 
column of Table I.. The dual flip-flop wired 
to produce a + 3 count, can be replaced by 
other counters such as the CD4029, CD4510, 
CD4516, CD4017, or the CD4022. In Fig.16 
the + N subsystem is preset once to a number 
smaller than the desired divide-by number. 
This smaller number represents the less sig- 
nificant digits of the divide-by number. The 
subsystem is then preset one or more times 
to a round number (e.g. 1000, 2000) and 
multiplied by the number of the divide-by 
mode (+ 2 in the example of Fig.16). It is 
important that the second counting device 
has an output that is high or low, as the 
case may be, during only one of its counting 
states. 
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2) + N Counter Configuration for UHF — 220 to 400 MHz 
Channel Spacing: 50 kHz or 25 kHz 


50/25 kHz 100 kHz 1 MHz 10 MHz 100 MHz 
400 MHz 400 MHz 
NMax oe aH 1Or000 NMax ="sg KHz 2:000 
220 MHz 220 MHz 
NMin = 95 kHz 8-800 NMin ="soKHz 1490 


3) + N Counter Configuration to VHF — 116 MHz 
Channel Spacing = 12.5 kHz 


12.5 kHz 100 kHz 1 MHz 10 MHz 100 MHz 
160 MHz 116 MHz 
is Bee ee Naan 2 = 9,300 
Nilae oes Min “42.5 kHz 
4) + N Counter Configuration for VHF — 30 to 80 MHz 5) + N Counter Configuration for AM — 995 to 2055 kHz 
Channel Spacing: 25 kHz Channel Spacing = 10 kHz 
=z RL es [1 Ff | 
25-kHz 100 kHz 1 MHz 10 MHz 10 kHe 100 kHz + MHz 
N a 29500 ine ee 995 kH 
Mak nec Min = . 2055 kHz z 
25 kHz 25 kHz een es NS Nic. = ———= 
NMax “49 KHz Min "10 kHz 


REMAINDER scaaceaiad 
€ _ a. {UNITS (x 8OR5)-—~\ J TENS (x8OR5)—\ 


SUG 


(x8 OR 5) 


JAM INPUTS 
TERM 3-10,15-22 


CLOCK 
CO4059A 


NOTE 
EACH AND GATE IS 1/4 CO40818 
EACH OR GATE !S 1/3 CO4075B 
EACH NOR GATE |S |/2 CO4002A 
EACH INVERTER IS 1/6 CD40698 


Fig.14 — BCD switch-compatible =N system of the most general kind. 
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CD4059A Types 


Yio 


CD4059A 


Vss Yoo Yoo 


92CL- 26947 


Fig.15 — Dividing by any number from 88,003 to 103,999. 


Voo a anata 24 
O a dati : - 
me alle : 
2 
OUTPUT 
= 1@/©/@/@!l@|/@/@O/@ G> =o 20 
19 
(3) (5) (22) (20) (8) (16) ((0) (8) 1/4 CD4001A CYCLE . 
| . {7 
CLOC CD4059A ie 
5 (23) 10 15 
an at " 14 
, 7 ee ~ 
= 92CM- 26946RI 
O 
Voo 


(i) 92Cs-26949 


Fig.17 — Quiescent device 
current test circuit. 


Fig.16 — Division by 47,690 in =2 mode. 


Voo 


Voo Voo 
O 


Fei 


On wr un — 
orn nouw®un — 


I 
2 
3 
4 
5 
6 
7 
8 


E 
MEASURE INPUTS SEQUENTIALLY, 


= de 92Cs- 2695! TO BOTH Vpp AND Veg - CONNECT 
VNL VAL Vss ALL UNUSED INPUTS TO EITHER 
92CS-26950 Vpoo OR Vss- 
Fig.19 — Power dissipation isla 
Fig.18 — Noise immunity test circuit 
test circuit. (all > modes). Fig.20 — Input leakage current test circuit. 
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CD4059A Types 


Cl Yoo 
R2 
. 100 ka 
Cin 5 
c2 
i, re) - co400\, as cD400I\4 
2} (1/4) 14) 
INSI4 
100 ka vy 
Dat ae EQUIVALENT 
1 MQ 
TO 
| ; " on CD4059 
. co400\5 10 CD400!\5I! Loc 
 )040 we (CLOCK) 
0.0001 pF 
R4 “e Lg 
100 ka 0.001 uF 
TO CD4059 
PIN Il (Ke) 92CS -33102 


* DEPENDS UPON Vop 
VOLTAGE 


For changing from any mode other than mode 5 
(with power on), apply positive pulse to Cin. This 
circuit automatically selects master preset mode 
(Kp = 0, Ke = 0) before going into the select con- 
ditions for mode 5 (Ka = 1, Ky» = 0, K = 1). The 
selection of C; and Cz is critical. C; is determined 
by the VDD voltage--the lower VDD’s need larger 
C,’s. C2 must be 0.1 wF or larger. 


Fig.21 - CD4059A mode 5 power on master preset circuit. 


= Fula % 


<i 


147-155 
(3.734-3.937) 


4-10 
(0.102- 0.254) 
141-149 
(3.582-3.7864) 


Dimensions ir parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10°3 inch). 


92CM- 269558) 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD4059AH. 
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CD4060A Types 


“MOS 14-Stage Ripple-Carry 
3inary Counter/Divider and Oscillator 


The RCA-CD4060A consists of an oscillator Features: 
section and 14 ripple-carry binary counter 


stages. The oscillator configuration allows @ 4-MHz operating frequency (typ.) at Vpp —Vss = 10 V 

design of either RC or crystal oscillator = Common reset 

circuits. A RESET input is provided which @ Fully static operation 

esets the counter to the all-O’s state and @ 10 buffered outputs available 

disables the oscillator. A high level on the @ Quiescent current specified to 15 V 

RESET line accomplishes the reset function. @ Maximum input leakage current of 1 UA 

All counter stages are master-slave flip-flops. at 15 V (full package-temperature range) nen 
The state of the counter is advanced one @ 1-V noise margin (full package-temper- ves 

step in binary order on the negative transi- ature range) sich bch 


‘ion Of Oi(%o).All inputs and outputs are Oscillator Features: 


‘ully buffered. : ; 
@ All active components on chip 


[hese types are supplied in 16-lead hermetic @ RC or crystal oscillator configuration AMBIENT TEMPERATURE (Ta) = 25°C 

Jual-in-line ceramic packages (D and F . . : TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgsg=-0.3%/°C 
suffixes), 16-lead dual-in-line plastic pack- Ap pieatany: rH Pidtere 96. dmc a 

age (E suffix), 16-lead ceramic flat packages @ Timers 

K suffix), and in chip form (H suffix). @ Frequency dividers 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE TEMPERATURE RANGE (Tstg) SKA Ge ee SLANE CDE RRRe RT eED Tees kHeEe was -65 to +150°C 
JPERATING-TEMPERATURE RANGE (Ta): rH 
PACKAGE 1 Fes 0 6 c.insaneu ve veucxxatanswenndbedaswsseuhiect used vnaueawe -55 to +125°C pees svt 
Prete, FVPE eS cnectvdsdennes ee6es 10 yadexs de dosrobeacehsreeséiuse sis oe ederduas -40 to +85°C . as eee - = Stee one ree 
)C SUPPLY-VOLTAGE RANGE, (Vpp) 92CS-21510 
(VoKages referenced 10 Vee Terminal) i idy.i «csnssedneserddeesdeesseean4 ve 0b ouee ees -0.5 to +15 V 
OWER DISSIPATION PER PACKAGE (Pp): Fig. 1 — Typical n-channel drain characteristics. 
FOr T 4 = $010 460°C (PACKAGE TYPE E). vsossc sateen ccd cccatawe sd vis dedes songs astese 500 mW 
ror T, = #60 to +85"C (PACKAGE TYPE E). c..051 v4se00%s. Derate Linearly at 12 mW/°C to 200 mW 
ror |, = 90 tO #100"C (PACKAGE TYPES D, F,K) scsdscissesiriavensintessescvaesecnens 500 mW AMBIENT TEMPERATURE (Ta) » 28°C 
For T A = +100 to +125°C (PACKAGE TYPES D, F, K) ....... Derate Linearly at 12 mW/°C to 200 mW TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF Vgs*-0.3%/°C 
JEVICE DISSIPATION PER OUTPUT TRANSISTOR as 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................4. 100 mW 2 
NPUT. VOLTAGE RANGE, ALLINFUTS  jevecsedexeyigns cd akesbvedeanasdniesdverss -0.5 to Vpp +0.5 V H 
-EAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. .......... 0. cece ee eee +265°C 


~— -CURESEseRessenesses 


AT 
@<aee88e888 
-458880888 


,ECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. 
“or maximum reliability, nominal operating conditions should be selected so that 
peration is always within the following ranges: 92c5- 21512 


Fig. 2 - Minimum n-channel drain characteristics. 


CHARACTERISTIC Vop | 2FKH UNITS 
(Vv ) Packages Package DRAIN - TO - SOURCE —— (Vps) —V 


Supply-Voltage Range (For Tq = Full 
Package- Temperature Range) 


Input-Pulse Width, tw 
f = 100 kHz 


Input-Pulse Rise & Fall 
Time, tro : tt 


i] 


_% 
(BG OSHS SSSRD RSS ARSRS s 3 


HH HJ 
vww—(97) LN3uYND NIVEG 


Input-Pulse Frequency, fp 


= A 
— 
os 
N 
on O1 


TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgsg=-0.3%/°C 


92C9-215t! 


Reset Pulse Width, tw 


Fig. 3 — Typical p-channel drain characteristics. 
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CD4060A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Quiescent Device 
Current | Max. 


Output Voltage: 
Low Level, 
VOL 
High Level 
VOH 
Noise Immunity: 
Inputs Low, 
VN 
Inputs High 
VNH 
Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 


0 Typ.; 0.05 Max. 


10 | 0 Typ.; 0.05 Max. 


4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 


Output Drive 

Current:* 
n-Channel 
(Sink), 

IpN Min. 


p-Channel 
(Source), 
IpDP Min. 


Input Leakage 
Current, 


lo UH 


Oo 
= 
~“ 
oa 


* Data not applicable to Terminal 9 or 10 


OUTPUT BUFFER,STAGES 


OSCILLATOR 4-10, 12-14 
$9) 
*o—@ Q! 
: ial (i INPUTS 
ae | e & 1 —* TO 2nd 
$ — 
Ql 
ee, INPUT PULSE 
a3 SHAPER 


s 
RESET TO ALL STAGES 


(2) a 


@ R=HIGH DOMINATES (RESETS ALL STAGES) 


STAGE |! 


# COUNTER ADVANCES ONE BINARY COUNT 
ON EACH NEGATIVE -GOING TRANSITION Et On ALL. 
OF P (AND $,) 


92CS- 23763RI1 INEUTS 


Fig. 7 — Logic diagram of CD4060A oscillator, pulse shaper, and 1 of 14 counter stages. 


AMBIENT @EMPERATURE (Tg) = 25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgg*-0.5% /°C 


Vss 
INPUT PROTECTION 


DRAIN- TO- SOURCE VOLTAGE (Vpg)—V 


rer | Le | 


92CS-21513 


Fig. 4 — Minimum p-channel drain characteristics. 


. 


soit HH i 
ee 
EEE, 


rT 
ec 
=) 
p 4 
a 
- 
=z 
a 
a 
= 
w 
2 
- 
> 
< 
a 
8 
F 
° 
« 
a 


nr nr | nr 7. a Y, .".) 
LOAD CAPACITANCE (CL) — pF 
92CS—24698 


Fig. 5 — Typical propagation delay time vs. load 
capacitance (}, to Q4 output). 


e' eo 
He 
P +5. pees seseeae 
] ceo ES REESE seeaae 
= ak. aoes. A 
= seccccssas oss: secees LJ 
7 ee jeeccee 
Bd Sa feee eat eeeatnee tae teat ot 
MGEUEESsogeo== 
é eae 
ae 
lel ete et ee et ce Cea ee cee tse eee 
pa tase: nae’ _ 22 SO Sopeeseceseeees 
i ed et ee el st eases 
P| sere c5ane SSEEG SSSET EEaTS aes: zcccesssesseses 
Boo fot fessstoaet PETE 
3 Sassssssegesss 
= seststestee 
3 100 Ebel ede eee eee te tat 
oe, -tbewesd.... Ti. tel 60900 08686 898R8 oF 
& +]] AMBIENT TEMPERATURE (Ta )# 25°C 


HH TYPICAL TEMPERATURE COEFFICIENT 
PH AT ALL VALUES OF Vops + 0.3 %/°C 
}° 20 40 ry.) 80.100 


LOAD CAPACITANCE (C; )— pF 92CS -21514 


Fig. 6 — Typical propagation delay time vs. load 
capacitance (Q,, to Q,,,4). 


8 


i eee La 5 5 
PSA ade eee 
o.% r— 
RESLEDNS:ccaHdNSRAHH ES cette caitt 
Pe ee! A a os =o 
Fe eee TTT HHT TERT 
it Maer 3 
PTE Hi HEE HEE 
od HH ‘" seeseese : 
BEBO EEESSGSSESERSEEISECzICE 

20 60 60 


40 
LOAD CAPACITANCE (C, ) — pF 


8 


TRANSITION TIME (try ttiH) —— ns 


8 


92CS- 245% 
Fig. 8 - Typical output transition time vs. load 
Capacitance. 
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CD4060A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C, Input t,, te= 20 ns, 
Cy = 15 pF, Ry = 200k 


LIMITS 


TEST D, F, K,H E 
CHARACTERISTIC CONDITIONS Packages Package UNITS 


Input-Pulse Operation 


(f gmax? — MHz 


> 
o 
z 
WwW 
> 
So 
wi 
4 
. 
3 
=) 
a 
Ui 
- 
> 
a 
z 
' 
2 
> 
= 
4 
< 
2 


10 
Propagation Delay SUPPLY VOLTAGE (Vpp) — V 
Time, > to 04 Out; 
‘PHL: tPLH 
Propagation Delay 
Time, Q, to Q4+4; 
‘PHL: tPLH 


Transition Time, 
TTHL tTLH 


92CS-24556 
Fig. 9— Typical maximum-input-pulse frequency 
vs. supply voltage. 


Min. Input-Pulse 


Input-Pulse Rise & Fall 
Time, trg, teg 


= 
a 
=) 
a 
w 
° 
< 
x 
@ 
= 
2 
Q 
i 
a 
a 
2 
ray 
« 
a 


a+— LOAD CAPACITANCE (C_)=ISpF 
——---— Cy *50pF 
a8 
! 102 103 
INPUT FREQUENCY (fg) —kHz 


Max. Input-Pulse 
Frequency, tp 


= 
| 


92CS-2ISISRI 
Fig. 10 — Typical dynamic power dissipation 
characteristics. 


Input Capacitance, C; Any Input 


Reset Operation 


Propagation Delay 


as ~N ~ 
Pin 
P oO oi 
—_> —_ BAS 
S Mo ~“J ~“ 
oO ol ol ol 


— Ee 
Yoo 
Minimum Reset [5 | /1000 Voo 
Pulse Width, tw P10 | 500° TEST PERFORMED was 
WITH UNIT IN ALL ° 
“O’'s’STATEAND “SS 
ALL “I's” STATE 
AND INPUTS AT 10 V 
AND GROUND 
Voo Von ; 
ss 
INPUTS OUTPUTS INPUTS : ; ad silos 
Vp0- "NH Voo NOTE: Fig. 11— Quiescent-device current test circuit. 


a + nn Cae MEASURE INPUTS 
7 Z ° SEQUENTIALLY, 
VANL Vss TO BOTH Vpn AND Vgs; 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


NOTE: 
TEST ANY ONE INPUT, Vp OR Vss- 
Vss WITH OTHER INPUTS AT ‘i ; 
92cs-27400 YOO OR Vss- 92C$-27402 
Fig. 12 — Noise-immunity test circuit. Fig. 13 —- Input-leakage-current test circuit. 
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CD4062A Types 
CMOS 200-Stage Dynamic Shift Register 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE TEMPERATURE RANGE (UR (c) cre -65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES, TU cncscckconnnt de cdeesiancenanscavouiesia d1ateatsasastian -55 to +125°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) ..........cccee cece sees cece eee e eee eeeeeenees -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -55 to +100°C (PACKAGE TYPES K, T) ..... 00. e eee ee eee nett eee eee e nee cees 500 mW 

For Ta, = +100 to +125°C (PACKAGE TYPES K, T) ......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..............++-- 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS c260cisssssendccsceatvccsanare sess secaws -0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. .......... eee eee ee eee +265°C 

. DATA 


A se OUTPUT 
2(2) 


CL (b) CL (a) CL (b) CL (a) 
| 

ee 
2 


CL (b) CL (a) CL (b) CL (a) 


a RECIRC 
CONTR 


*ALL INPUTS ARE PROTECTED * TRANSMISSION GATE 
BY COS/MOS INPUT TO OUTPUT |S 
ia eet Nave (a) A BIDIRECTIONAL LOW IMPEDANCE WHEN CONTROL INPUT 
Voo iS "LOW" AND CONTROL INPUT 2 IS "HIGH" 
“TERMINAL NUMBERS IN 
PARENTHESES REFER TO 


(b) AN OPEN CIRCUIT WHEN CONTROL INPUT IIS "HIGH" AND 
12-LEAD TO-5 STYLE ' 


CONTROL INPUT 2 IS "LOW' 


PACKAGE 
CL (a)= INTERNAL CLOCK IN PHASE WITH CL, 
CL (b)= INTERNAL CLOCK IN PHASE WITH CLo 
92CM- 22695R2 
CD4062A “. 
|- PHASE 
; ‘ . CLOCK 
Fig. 1 — CD4062A logic block diagram. 
(INPUT TO 
TERMINAL 1) 
CM 
— 
1119) * Cla 
Cl, Clap 
a oer Voo rn ® 
CLOCK Clo CM Yoo 7 (6) 
5(5) 
CM ti 
CLOCK sr fel) 
m CL (b) 
MODE 13 (11) 5 L( 
* CM 
: -} /\ 
= ‘e 
cM 


1 
Y 
: 


"ALL INPUTS ARE PROTECTED 


<4 
< CL (a) 


O O 
BY COS/MOS =. 
PROTECTION NETWORK cM 
Voo Lo 
ee 
a CM Yoo 
TG 3 
ie cM lye Ct (a) 
O © 
VSS a cM 
CL (a) = INTERNAL CLOCK IN PHASE WITH CL, im 2 
CL (b) = INTERNAL CLOCK IN PHASE WITH CL2 \/ 


“TERMINAL NUMBERS IN ™ Clip 
PARENTHESES REFER TO O 
12-LEAD TO-5 STYLE = cL, 10(8) 
PACKAGE 

os 


CM 92CM-22700R2 


Fig. 2 — Clock circuit logic diagram. 
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——— sTace | ————— [—— STAGE 200-——— 7 aurren 


_ e i> > a nc 


200 DYNAMIC 
STAGES 


CLOCK 
GENERATOR 


92CS- 24664 


CD4062A 
FUNCTIONAL DIAGRAM 


The RCA-CD4062A is a 200-stage dynamic 
shift register with provision for either single- 
Or two-phase clock input signals. Single- 
phase-clocked operation is intended for low- 
power, low clock-line capacitance require- 
ments. Single-phase clocking is specified for 
medium-speed operation (<1 MHz) at sup- 
ply voltages up to 10 volts. Clock input ca- 
pacitance is extremely low (<5 pF), and 
clock rise and fall times are non-critical. The 
clock-mode signal (CM) must be low for 
single-phase operation. 


Two-phase clock-input signals may be used 
for high-speed operation (up to 5 MHz) or to 
further reduce clock rise and fall time re- 
quirements at low speeds. Two-phase opera- 
tion is specified for supply voltages up to 15 
volts. Clock input capacitance is only 50 pF/ 
phase. The clock-mode signal (CM) must be 
high for two-phase operation. The single- 
phase-clock input has an internal pull-down 
device which is activated when CM is high 
and may be left unconnected in two-phase 
operation. 


The logic level present at the data input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion for single-phase operation, and at the 
positive-going transition of CL; for two-phase 
operation. 


The CD4062A-Series types are supplied in 
12-lead hermetic TO-5 packages (T suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 


= Minimum shift rates over full tempera- 
ture range— 


Single-phase clock: 3 V< Vpp < 10 V; 
fmin = 10 kHz; -55° C < Ta < +125 C 
(fmin = 1 kHz up to Ta <75 C) 
Two-phase clock: 3 V < Vpp < 15 V; 
fmin = 10 kHz; -55° C < Ta < +125°C 
(fmin = 1 KHz up to Ta <75 C) 


CD4062A Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. Features (Cont’d): 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 
io 


= Low power dissipation 
0.3 mW/bit at 1 MHz and 10 V 
0.04 mW/bit at 0.5 MHz and 5V 
(alternating 1-0 data pattern) 

® Data output TTL-DTL compatible 

® Recirculating capability 

= Delayed two-phase clock outputs availa- 
ble for cascading registers 

® Asynchronous ripple-type presettable to 
all 1’s or 0's 

® Ultra-low-power-dissipation standby oper- 
ation 

™ Quiescent current specified to 15 V 

= Maximum input leakage current of 1 UA 
at 15 V (full package-temperature range) 

# 1-V noise margin (full package-tempera- 
ture range) 


CHARACTERISTIC 


Supply-Voltage Range (For Tq = Full 
Package-Temperature Range): 
Single-Phase Clock 
Two-Phase Clock 


Clock Ne Frequency, rae 


Clock a Width, tw” 
Clock Rise or Fall Times, 
t,;CL or teCL* 

Data Hold Time, ty" 


* For single-phase clock, 50% duty cycle 


Applications ae 
Two-Phase Clock Operation (CL1, CL); Clock Mode (CM) = High; 3 V< Vpp <15 V. See Figure 4. | | 
ws Serial shift registers 


@ Time-delay circuits 
= CRT refresh memory 
® Long serial memory 


CHARACTERISTIC 


X=DATA SET-UP TIME 

HIGH TO LOW 

Y=DATA HOLD TIME 

Z=DATA SET-UP TIME 
HIGH 


Low TO 
Average Input Capacitance, C, . 92cs-22702R1 
CLy, Clo 


Fig. 3 — Timing diagram—single phase clock. 


Propagation Delays; tpi4,;, tp, y 
CL, to Q 


CL,toClipn |250 [500 | . ——e aes 4 iF 


Minimum Data Setup Time : | tdo ie 
150 |300 ' 


(CL2) 


t 
S) CLo / 
fe) 
Voo 
fe) 
—Vop 
"Hci, 


Q Oo 
MIN tw(CL)), tw(CLo)=20ns 


Clock Rise and Fall Times t;CLy, CLo No Restrictions If 92¢$-22703 
CL+. CL Clock Overlap Require- 
mai me ment Is Met . oo 
Fig. 4 — Timing diagram—two-phase clock. 
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CD4062A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Quiescent Device 
Current, I Max. 


CM=High, CL4=High 
CL a=Low 


ononvare [Te] s | oncom 
Low Level, oye oo 
0 Typ.; 0.05 Max 
Vor [= [10] 10 | oTvp:0.05 Max 
High Level oe 


Vou 


Noise Margin: 
Inputs Low, 


VNML 
Inputs High, 


Output Drive 
Current: 
N-Channel 
(Sink), 


P-Channel 
(Source): 


IDP Min. 


Input Leakage 
Current, 


Tay) 


* Maximum power dissipation rating 


< 200 mw. 


4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 


Noise Immunity: melee 1.5 Min.: 2.25 Typ. 
Inputs Low, 
24, 
vue [= [ro [Minas Te 


Inputs High fos| - | 5 | 1.5 Min.; 2.25 Typ. 
7 | 3Min;4.5Typ. 
NH f4 | = | 10 | 3 Min.: 4.5 Typ. 


AMBIENT TEMPERATURE (Ta)*25°C 
TYPICAL TEMPERATURE COEFFICIENT IS -0.3%/°C 
AT ALL VALUES OF V6s 


—CHANNEL DRAIN CURRENT (IpN)— mA 


Het i ttt 
eseseaceaceasasas 
SRRARRARRESE Ht eee ake) 
75 Sesee Ee eae ane 
SB eBae HHH 
tite + Be : nari ce SouRcE VOLTAGE , 
50 ceee ser -asaes . Hoy eX vaaeee ase : 
sea Gscscuas se SsErCSHtGHTSGHEGHICH? 
AH Be = eeu8 rtitiedi tt, aa 
ae HH Ht 
eo 47. 48 eace rT itty 
c cotta eo SRae BOSaRB 
Ba Oe ee eo noes HTH 
as eB esag wg a 
PT sa aa Cesenegesa 
0 “3 10 iS 


DRAIN- (O-SOURCE VOLTAGE (Vps)—V 


92CS-23854R1 


Fig. 5— Typical n-channel drain characterstics for 
Q output. 


DRAIN-TO-SOURCE VOLTS (Vps) 
5 


TT... ioe 
HHH 5 Hea 
28 cnsener 4 


[e) 


= 
ra) 


DRAIN MILLIAMPERES (Ip) 


3 


t 


Gaseanse aae 
AMBIENT TEMPERATURE (Tale 25 °C 


SaGRaae Be jae 
TYPICAL TEMPERATURE COEFFICIENT LOTT TTT Tt 14 soca 
FOR ALL VALUES OF Vpp*-03%/°C HHH +H 
92CS-I9II4R! 


Fig. 6— Typical p-channel drain characteristics for 
Q output. 


Seeaseee eae Se2SE8a8 
4. aeee Sa acnee Ms 


- el 
—@ 
eseeeus 
esGeeeeeensusennse 
BES" _ eB SESE ESEHE RGEC ER 


TRANSITION TIME (tty. .tTLH)—n8 


02030-4030 O OBO 80100 
LOAD CAPACITANCE (CL) - pF ice naees 
NOTE ty. FOR Q OUTPUT IS SIGNIFICANTLY LESS THAN tri 


Fig. 7— Typical transition time vs. 
CL for data outputs, 


AMBIENT TEMPERATURE (Ta): 25°C 


TYPICAL TEMPERATURE COEFFICENT FOR 
ALL VALUES OF Vpp +0 3% /°C 


300 ace 
ae : 


i eo 
+t? + 
+ + 
+peee ape 
eee 
. + 
+ ‘ 


° 
c 
' 

=z 
= 
E 
a 
x 
= 

w 

2 

e 

z 

° 

= 

ww 

z 

<a 

c 

rs 


LOAD CAPACITANCE (CL) - pF sacen19780 


Fig. 8— Typical transition time vs. C, for 
delayed clock output. 
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DYNAMIC CHARACTERISTICS AT Ta = 25°C, Vgg = 0 V, C; = 50 pF, Input ty, t¢ = 20 ns, 


except t-CL and t¢CL 


Single-Phase-Clock Operation; Clock Mode (CM) * Low; 3 V < Vpp < 10 V (See Figure 3) 


CHARACTERISTIC TEST CONDITIONS 


Vpp 
V 
Maximum Clock Input Frequency, fo; tr, tf=20 ns : 
(50% Duty Cycle) ie 


Minimum Clock Input Frequency, fcL 
(50% Duty Cycle) 
Clock Rise and Fall Times* * —_ 


t-CL, t¢CL 


Average Input Capacitance, C4 All Inputs Except 
CL, and CL9 


Propagation Delays: 
CL toQ 
CL toClyp _ (Positive Going) 


ca. 7 
a J 


CL to CL4p (Positive Going) 


. / 
CL4p —— a 
CL to CL yp (Negative Going) 


c}©6D\ 


CL to CL ap (Negative Going) 


CLIp \ 


Transition Time: try yy try 


TYP. 
a 
= 
= 
= 
EI 
roo 


eed 
ee es ee 
piso | to] - | 
jis0 | tol — | 
ee 
Lh 
ee! 

: 
is 
7 
| 900 _ 


(50% Points) 


(50% Points) 


Q Output 


Clip, Clap 


Data Set-Up Time 
ts 


“Data Hold Time 
tH 


D 


** if more than one unit is cascaded in single-phase parallel clocked application, tr-CL should be made less than 
or equal to the sum of the propagation delay at 15 pF, and the transition time of the output driving stage. 


(See Figs. 5 and 7 for cascading options.) 


A Use of delayed clock permits high-speed logic to precede CD4062A register (see cascade register operation). 


Clap 


92CS-22693 
CD4062AT 


TERMINAL DIAGRAM 


CD4062A Types 


|| A 7] AT) 
Bw, 


AMBIENT TEMPERATURE (Ta)= 25°C 
TYPICAL TEMPERATURE COEFFICIENT 
AT ALL VALUES OF Vpp+0.3%/°C 
LOAD CAPACITANCE (C__)#!5 pF 
SINGLE - PHASE CLOCK 


7) 


vA 
‘ w =e 4 
cma amas a a as 
A | | Ty | 
S| | | Bal | 
637) 
ST eal aa 
a 2 ee 468 


10° 10 
CLOCK FREQUENCY (fc,)—Hz 


POWER DISSIPATION/ PACKAGE (Pp)— mw 


92CS - 24666 


Fig. 9— Typical power dissipation vs. frequency. 


~ 
=x 
> 
3) 
z 
w 
=) 
o 
w 
« 
u 
— 
4 
x 
7) 
= 
2 
z 
2 
= 


AMBIENT TEMPERATURE (Ta)— °C 
92CS- 24667 


Fig. 10— Minimum shift frequency vs. ambient 
temperature. 


Voo 


INPUTS 


92CS- 2740: 


Vss 
Fig. 11— Quiescent-device-current 
test circuit. 


3.5V OR 7V-o 
° 
15 0R3V -—o 


Vss = 


Fig. 12— Noise-immunity test 
circuit. 


Voo 


INPUTS 
Yoo NOTE 
One MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vop AND Vs 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Yoo OR Yss 


92CS-27402 


Fig. 13—I/nput-leakage-current 
test circuit. 


615 


CD4066A Types 


CMOS Quad Bilateral Switch 


For Transmission or Multiplexing of Analog or Digital Signals 


RCA CD4066A is a quad bilateral switch 
intended for the transmission or multiplex- 
ing of analog or digital signals. It is pin-for- 
pin compatible with RCA-CD4016, but ex- 
hibits a much lower ON resistance. In addi- 
tion, the ON resistance is relatively constant 
over the full input-signal range. 


The CD4066A consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased ON or 
OFF simultaneously by the control signal. As 
shown in Fig. 1, the well of the n-channel 
device on each switch is either tied to the 
input when the switch is ON or to Vgg when 
the switch is OFF. This configuration elimi- 
nates the variation of the switch-transistor 
threshold voltage with input signal, and thus 
keeps the ON resistance low over the full 
Operating-signal range. 


The advantages over single-channel switches 
include peak input-signal voltage swings 
equal to the full supply voltage, and more 
constant ON impedance over the input- 
signal range. For sample-and-hold applica- 
tions, however, the CD 4016 is recommended. 


These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F” 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


SPECIAL CONSIDERATIONS — CD4066A 


1. In applications where separate power 
sources are used to drive Vpp and the 
signal inputs, the Vpp current capability 
should exceed Vpp/R, (R, = effective 
external load of the 4 CD4066A bilateral 
switches). This provision avoids any 
permanent current flow or clamp action 
on the Vpp supply when power is applied 
or removed from CD4066A. 


2. In certain applications, the external load- 
resistor current may include both Vpp 
and_signal-line components. To avoid 
drawing Vpp current when switch cur- 
rent flows into terminals 1, 4, 8, or 11, 
the voltage drop across the bidirectional 
switch must not exceed 0.8 volt (calcu- 
tated from Ron values shown). 


No Vpp current will flow through Ry 
if the switch current flows into terminals 
fy a 9, OF TO, 

3. Minimum bilateral switch output load 
resistance is 100 Q2. 


Features: 


15-V digital or + 7.5-V peak-to-peak switching 
802 typical ON resistance for 15-V operation 


Switch ON resistance matched to within 5 2 over 15-V 


signal-input range 

ON resistance flat over full peak-to-peak 
signal range 

High ON/OFF output-voltage ratio: 65 dB 
typ. @ fj, = 10 kHz, Ry = 10 k22 

High degree of linearity: < 0.5% distor- 
tion typ. @ fj, = 1 kHz, Vj,=5 Vp-p: 
Vpp-Vss2 10 V, Ry = 10 kQ 

Extremely low OFF switch leakage result- 


92CS-21627 


CD4066A 
FUNCTIONAL DIAGRAM 


SWITCH 
CONTROL 


ing in very low offset current and high 
effective OFF resistance: 10 pA typ. @ 
Vpp—Vss = 10 V, Ta = 25 C 

® Extremely high control input impedance 
(control circuit isolated from signal 
circuit): 1012 Q typ. 

® Low crosstalk between switches: -50 dB 
typ. @ fj, = 0.9 MHz, Ry = 1 kQ2 

® Matched control-input to signal-output 
capacitance: Reduces output signal 


CONTROL 
Vv 


SIGNAL-LEVEL RANGE: 
Vgs5 <Vis <V 
NORMAL OPERATION oa eee 
CONTROL-LINE BIASING: 
SWITCH ON,VC'l"= Vo 
SWITCH OFF, Vc "O"=Vss 


. Yoo 
SEAGHANE * ALL CONTROL INPUTS 
® Frequency response, switch ON = 40 MHz ARE PROTECTED BY 
(typ.) CMOS PROTECTION 
NETWORK 


® Quiescent current specified to 15-V 

® Maximum control input leakage current 
of 1-uA at 15-V_ (Full package- Vss 
temperature range) 


92CS-21628R2 


Fig. 1 — Scnematic diagram of 1 of 4 identical 
switches and its associated control circuitry. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE TEMPERATURE RANGE (To). 2 noes ahaa HOEY Le ee SR BUG eS Ss -65 to +125°C 
OPERATING TEMPERATURE RANGE (Tq): 

PACKAGE TYPES DF, 1K, Hy... 6 nce eck ee a eek woo eww OS Ewe ERR -55 to +125°C 

PACKAGE TYPG © i646 25 d4660 soe re we hace die ew hae bees betuns -40 to +85°C 
DC SUPPLY VOLTAGE RANGE, Vpp 

(Voltages referenced to VG) 65dw the ose ad ee oe ee ke eb ekaee -0.5 to +15 V 
INPUT CURRENT (TRANSMISSION GATE INCL.).......0..0..0.0 00000 cece eee eee +10 mA 
POWER DISSIPATION PER PACKAGE: 

FOR Ty =-40 to+60°C (PACKAGE TYPE E) .... de ee 500 mw 

FOR Tx, = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C ...... 200 mw 

FOR Ta = -55 to +100°C (PACKAGE TYPES D,F,K) ...........00000 00 en 500 mw 

FOR Ta, = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C... 200 mw 
DEVICE DISSIPATION PER SECTION: 

FOR T, =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). ..... 100 mw 


ALL SIGNAL AND DIGITAL CONTROL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. +265°C 


6 Sa Se ee ew oe Se 


OPERATING CONDITIONS AT T, = 25°C 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 


CHARACTERISTIC 


Supply Voltage Range 


(Ta = Full Package Tempera- 
ture Range) 
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Applications: 

® Analog signal switching/multiplexing 
Signal gating Modulator 
Squelch control Demodulator 


Chopper Commutating switch 
® Digital signal switching/Multiplexing 


ELECTRICAL CHARACTERISTICS 


TEST 
CONDITIONS 
All Voltage Values 


CHARACTERISTIC Are in Volts 


Quiescent Device Current, 1) max. 
D,F, H Pkgs. 


E Pkg. 


SIGNAL INPUTS (V;,) AND OUTPUTS ae 


= e 


-7.5 to 


ON Resistance, Ron Max. 


ON Resistance Between 
Any 2 of 4 Switches, 


Ron 


Sine Wave Response 
(Distortion) 


Frequency Response 
Switch ON 
(Sine-Wave Input) 


Feedthrough-Switch OFF 


Input or Output Leakage — 
Switch OFF (Effective 
OFF Resistance) 


Crosstalk 
Between Any 2 of the 4 
Switches (f at —50 dB) 


® Transmission-gate logic implementation 

® Analog-to-digital & digital-to-analog con- 
version 

® Digital control of frequency, impedance, 
phase, and analog-signal gain 


LIMITS 

-55°C, +25°C, +125°C Apply to 
D, F, K, H Packages 

Values at -40°C, +25°C, +85°C Apply to E 


Values at 


220 


CD4066A Types 


Beees 
PPLY seme i 


2) 
2 
x 
°o 
| 
4 
o 
4 
i) 
oO 
2 
<q 
re 
wn 
Wn 
Ww 
4 
2 
°o 
a 
WwW 
2 
4 
<a 
x 
oO 


SIGNAL VOLTAGE (V,,) — VOLTS 
92CS - 23913 


Fig. 2 (a) — Typical channel ON resistance vs. signal 
voltage for three values of supply volt- 
age (Vop- Vos). 


tT FY : 
suseeuera M 

Y (Ta) 2 125°C 
se HHA fone ba Peas 


SUPPLY VOLTAGE , 
(Vop- Yss) = 5v 


S00 ooo oot 
sueseaakens 


CHANNEL ON RESISTANCE (Roy) — OHMS 


SIGNAL VOLTAGE (Vis) — VOLTS 
92CS - 23914 


Fig. 2 (b) — Typical channel ON resistance vs. signal 
voltage with supply voltage (Vpp— 


CHANNEL ON RESISTANCE (Roy) — OHMS 


HH 
Bon esen' 
sistas HoH SHTSRERRBRRe 
ane caeen seeessenencesseseee 
-8 -4 ~-2 ° 2 4 6 8 
SIGNAL VOLTAGE (V,,) — VOLTS 


92CS-23915 


Fig. 2 (c) — Typical channel ON resistance vs. signal 
voltage with supply voltage (Vpp— 


SUPPLY VOLTAGE (Vpp-Vss) "IS Vit 


CREST HEHE 
iH as suit ae : 
Ae Bete HE HU 

ee seesnesets 
ee 


AMBIENT sie eatatis 


PTT Ta) 125°C Fy 


CHANNEL ON RESISTANCE (Roy) — OHMS 


SIGNAL VOLTAGE (V{,) — VOLT 

92CS- 23916 

Fig. 2 (d) — Typical channel ON resistance vs. signal 
voltage with supply voltage ( Vpp- 


Vg) = 15 V. 
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CD4066A Types 


Vv 
ELECTRICAL CHARACTERISTICS (Cont'd) Re 160 DIGITAL 


MULTIMETER 


LIMITS 
Values at -55°C, +25°C, +125°C Apply to 


TEST 


Ps is cg ahaa 7 may | MESES 
alu ° ° ° ss 7TO30A 
: Values at -40 C, +25 C, +85 C Apply to E PLOTTER 
CHARACTERISTIC Are in Volts aa UNITS 


y Vco* Yop 
DD | Veg = GND 


Propagation Delay (Signal =5 C, = 15pF 
Input to Signal Output) 


AMBIENT TEMPERATURE (Ta)=25°C HHH 


ee" 9” a 
4p 
ee 


92CS -22716 
Fig. 3 — Channel ON resistance measurement circuit. 
i = 6] SUPPLY VOLTAGE: Vpp* 5V 7 LOAD F N 
| ive ache HR) #100 KA, 1OKA 
ss eese PSS ESHS COGSS EEEST 
SA TROD 


Capacitance: 
Input, Ci. 


s,‘t 


Output, Co. 


CD4066A 
1 OF 4 
SWITCHES 


Feedthrough, Cs 


CONTROL (Vo) 


; Vie = sq. wave 
ian VoD | t,, te= 20ns 
=H (Input Signal) 


OUTPUT SIGNAL VOLTAGE (Vos) — VOLTS 


Vss = 
ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss. 


Noise Immunity, VAL -6 -4 -2 (e) 2 4 6 
Min INPUT SIGNAL VOLTAGE (Vis) — VOLTS 
: 92CS-2307 
Fig. 4— Typical ON characteristics for 1 of 4 
channels. 


Input Leakage Current, Ne 
Max. 


Crosstalk 
Control Input to 
Signal Output 


Propagation Delay, todC 
Cy = 15pF 
Vop™ !9. Vgg=GND 
Ry =1kQ, C, = 15pF 
Vc = 10 (sq. wave) 


z 
a 
| 

f-) 

= 

3 

< 

: 

4 

a 

z 

° 

= 

< 

a 

” 

te 

eo 

« 

w 

2 

° 

a 


Maximum Allowable Control 
Input Repetition Rate 


XA 
2 4 6 8 10 
SWITCHING FREQUENCY (#)—kHz 
t ne 20 na : a . s2cs-25924 
en Fig. 5 — Power dissipation per package vs. switching 


Rionewwe | = P= Pt | ef reguancy. as 
Ve a RATE 
* Limit determined by minimum feasible leakage measurement for automatic testing. 


A . iad t,=t¢=20ns 
Symmetrical about 0 volts. For all test conditions. Cc "SS psa 


Vos 90% me 
10% -0O 
20} 
ns'|20 


Vis"Yoo | co4066A 


| OF 4 bs 
Cios SWITCHES “atts 
MEASURED ON BOONTON 
ekaciendeeicns | startet 1 CAPACITANCE BRIOGE Ve Vop 2 +!OV 
| Vor-5V Vpp:+5v ! MODEL 75A (IMHz) ov 
| | TEST FIXTURE CAPACITANCE Vss = 
| ; NULLED OUT 


ALL UNUSED TERMINALS tp=1¢=20ns 
ARE CONNECTED TO Vsgg. 92 CS- 23919 


CD4066A 
| OF 4 
Fig. 7 — OFF switch input or output leakage. Vis? tlOV | SWITCHES 


CD4066A | 
1 OF 4 


SWITCHES 


| | ko 
7. | +10V Ve Voo 
C; C) +c 
ati Vss7-5V 7 si eo. = — 
= ns 4 A 
ake at . . ap ALL UNUSED INPUTS ARE CONNECTED TO Vss. 
9258-23918 SWITCHES 


92CS- 23923 


Fig. 10 - Maximum allowable control input repeti- 


Fig. 6 — Capacitance test circuit. 


= tion rate. 
7 ALL UNUSED TERMINALS 
sll ARE CONNECTED TO Vss. 
¥e°"oo Yoo Fig. 9 — Crosstalk-control input to signal output. Yoo 
Ve zV V 
Vis | coao66a “4 x ee oe INPUTS 
“or * tr=t¢=2Ons Yoo NOTE: 
SWITCHES CD4066A ce G) MEASURE INPUTS 
10 ka Vis | OF 4 ° SEQUENTIALLY, 
ie 7 a SWITCHES Vss TO BOTH Vop AND Ves; 
1,202 2008 3002 CONNECT ALL UNUSED 
oe = INPUTS TO EITHER 
Vpn OR Vec- 
ALL UNUSED INPUTS ARE CONNECTED TO Vss. a. * 6 D0 OR Vsg 
= = ¥s9 MEASURE CONTROL 
92CS-23920RI ALL UNUSED TERMINALS ARE CONNECTED TO Vss. INPUTS ONLY 
92¢S-23922AI seneteren® 
Fig. 8 — Propagation delay time signal input (V;.) ; : 
9 9 / e ) 9 pP Is Fig. 11 — Propagation delay tpeH- tpHe control- 
FONG! GULDUT TV aad signal output. Fig. 12 — Input leakage current test circuit. 
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CMOS Telecommunica- 
tions, Display-Driver, and 
Interface Circuits 

Technical Data 
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CA3300 Types 


CMOS Video Speed 6-Bit Flash 


Analog-to-Digital Converter 


For Use in Low-Power Consumption, High-Speed 


Digitization Applications 

Features: 

= CMOS low power with speed 

w Parallel conversion technique 

w 15-MHz sampling rate (66-ns conversion time) 
a 6-bit latched 3-state output with overflow bit 

e +'%LSB accuracy 

w Single supply voltage (3 to 10 V) 

# 2 units in series allow 7-bit output 

® 2 units in parallel allow 30-MHz sampling rate 
a /nternal Veer with ext Vrer option 

8 Available with EVP processing for improved reliability 


The RCA-CA3300 types are CMOS 50-mW parallel (FLASH) 
analog-to-digital converters designed for applications 
demanding both low-power consumption and high-speed 
digitization. 

The CA3300 types operate over a wide full-scale input- 
voltage range of 2.4 volts up to the dc supply voltage with 
maximum power consumption as low as 50 to 200 mW, 
depending upon the clock frequency selected. When 
operated from a 5-volt supply at a clock frequency of 11 
MHz, the power consumption of the CA3300 is less than 50 
mW. When operated from an 8-volt supply at a frequency of 
15 MHz, the power consumption is less than 150 mW. 


The intrinsic high conversion rate makes the CA3300 types 
ideally suited for digitizing high-speed signals. The overflow 
bit makes possible the connection of two or more CA3300’s 
in series to increase the resolution of the conversion 
system. A series connection of two CA3300’s may be used 
to produce a 7-bit high-speed converter. Operation of two 
CA3300’s in parallel doubles the conversion speed (i.e., 
increases the sampling rate from 15 to 30 MHz). CA3300's in 
parallel may be combined with a high-speed 6-bit D/A 
converter, a binary adder, control logic, and an op amp to 
form a very-high-speed A/D converter. 


Sixty-four paralleled auto-balanced voltage comparators 
measure the input voltage with respect to a known reference 
to produce the parallel-bit outputs in the CA3300. Sixty- 
three comparators are required to quantize all input voltage 
levels in this 6-bit converter, and the additional comparator 
is required for the overflow bit. 


The CA3300 types are available as follows: Types CA3300D 
and CA3300DX in an 18-lead dual-in-line ceramic package 
(D suffix), types CA3300E and CA3300CE in an 18-lead 
dual-in-line plastic package (E suffix), or in chip form (H 
suffix). The CA3300DX offers the additional advantage of 
improved reliability as aresult of EVP (Extra Value Program) 
processing. For further information on EVP, see RCA 
publication EVP-300B or contact your RCA representative. 


18-Lead Dual-in-Line 
Plastic Package 
E Suffix 


18-Lead Dual-in-Line 
Side-Brazed 
Ceramic Package 


Applications: 

a The CA3300 types are especially suited for high- 
speed conversion applications where low power 
is also important 

a TV video digitizing (industrial/security) 

a» High-speed A/D conversion 

a Ultrasound signature analysis 

# Transient signal analysis 

# High-energy physics research 

s High-speed oscilloscope storage/display 

® General-purpose hybrid ADC's 

# Optical character recognition 

s Radar pulse analysis 

= Motion signature analysis 


PHASE 
REF. + 


- VIN 
REF- 


TOP VIEW 
(MSB) B6 | B5 
OVERFLOW 2 B4 
Vss 3 REF. CENTER 
Vz 4 B3 
CE2 5 Be 
CEI 6 BI (LSB) 
CLK L Vop 
8 
9 
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TERMINAL ASSIGNMENT 


CA3300 Types 


R/2 
gS 
64 
) | ae Le 2 |OVER- 
FLOW 


P 6] 
es4 
; Se, 
7 ¢ 
Ce) 
(oe) 
= 
wv 
oO o& 
3 
IES 
w 
D 
= 
wn 
@ 


---® 


REF ?, 
CENTER| !6 ONS) 


| 
| C Q 
COMPARATOR a | B5 

| LATCHES 

AND CL 

ENCODER 
LOGIC 
COMP 
R 33 


| 
| | | 
R | | 
| | os 5 | B 
4 | 
| COMP 
2 
R | 
() , com fee 14 | a2 
an i 
REF - 10. ae. W8 wy 
COMP 
i | ran 13, BI(LSB) 2 
) 


®> (SAMPLE UNKNOWN) 
PHASE| 8 | @ (AUTO BALANCE) 


68 NOMINAL 
ZENER 
DIODE [+ /} "vss 

Vss 92CL- 34243 
Fig. 1 - Block diagram for the CA3300. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE RANGE (Vpp) 


(VOLTAGE AEFERENCED TO Vou TERMINAL) nv cccérarendwaintasenbeGaed de Vidaed« 40ehaugu ys 45955 WO eeeeeends on etases -0.5 to 10 V 
INPUT VOLTAGE RANGE 

Pi We eer hI (NG) ce sieeuad teu tn 6 eee ween hew sok he 560 bheds nel oep eames onde Shap oeheusmetanun -0.5 to Voo +0.5 V 
DC INPUT CURRENT 

CU Fr Cel, Ce Wie 5 xihe-ene-h 28 cus tos son a badseancerescowses keaepeuierekeneyaeeh chat arn sey esaneiaatenay iene +10mA 
POWER DISSIPATION PER PACKAGE (Pp) 

POR. Ta 55.10 955" vee ive dae k oe be oees b5 be Rtr e458 444 Laws PredeeSerseeene ener eb ens nedesane seer yi denedeDslesus vases senek 315 mW 

PO Wa a 0 FeO vec ht Haut nuu sues peas tude ae exuded cede teeeueh Qoeh ane ontebsndparatauense cece Derate linearly at 3.3 mW/°C 
TEMPERATURE RANGE 

OPERATING (CAs2000%, Reel 10-FIG. 2) 6x dant acdedn tence deaN nha es baren 2 60ew arn re ened veders Cone vibes cE ewEEetRs -55 to +125°C 

OPERATING (CAS 3000 BCE) bcp. hnse yer nvnnohasa8 nd LaeKadeses Sons hewab one Hips PESEKs Caged Eh shaseesibee noes eae Ee4 -40 to +85°C 

OE ane ay akodcaud cea cies Cea ees ane ene antec neeaorananeus Seubonchaciesedasas sued be deteetamecquncnweaeaes -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING) 

At aistance 1/16 :2 1732 in..(1:69 2 0.79 MM) trom: Gase Tor vOSINGK, ssc20dinnsiccacedawe even we nee aw RS adeedar ev Eeewexeanes +265°C 
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CA3300 Types 


ELECTRICAL CHARACTERISTICS 


LIMITS 
CHARACTERISTIC TEST CONDITIONS @ 25°C CA3300D, DX, E UNITS 


(MIN. [ Typ. [ MAX. 
Resolution Cd] STTTTTCTC™C™~—COO.CdT|’sS— ~—*dTsSO dT «SC Cd ~=sCOBSits 
Linearity Error Vpo=8 V, Vrer=7.68 V 
+05 +0.8 
Differential Linearity Error Vpop=8 V, Vrer=7.68 V LSB 


Quantizing Error a 


Analog Input: Vpo=8 V 
Full Scale Range CLK=15 MHz 2.4 — Vopt0.5 V 
Input Capacitance — 50 — pF 
Input Current — 600 1000 LA 


Gain Temperature Coefficient Vop=8 V, CLK=15 MHz | — | 0016 | — | LSB/°C 


Maximum Conversion Speed Voo=5 V 12M SPS 
Vpoo=8 V 15M 19M 


Device Current Vpo=5 V (CLK=11 MHz) 
(Excludes lREF, Iz) Vpoo=8 V (CLK=15 MHz) 
Vpp=5 V (Auto Balance State) 
Vpo=8 V (Auto Balance State) 


mA 


Digital Inputs: 
Low Voltage 


V 

High Voltage V 

Input Current LA 
Digital Outputs: 

Output Low Vop=5 V, Vo=0.4 V 10 

(Sink) Current Vop=8 V, Vo=0.5 V +5 ik 

Output High Voo=5 V, Vo=4.6 V 6 

(Source) Current Voo=8 V, Vo=7.5 V 9 
Zener Voltage lz=10 mA 6.2 6.8 7.4 V 
Zener Dynamic Impedance Iz=10 mA _ 10 30 Q) 
Zener Temperature Coefficient — 0.5 — mv/°C 


Digital Output Delay, ts Voo=8 V fF  o— {| 20 | 1s 
Aperture Time Voo8 V ee 


50) CONDITIONS ; 
TEMP = 25°C 
LADOER AND ZENER CURRENTS 
ARE NOT INCLUDED 


AREA UNDER CURVE REPRESENTS 
AMBIENT OPERATING REGION 


| 


| | | 
| | | ae | 
‘ 4 c | 
| Vpp7!0 VOLTS | | 


Vpp:8 VOLTS 


bs 4 
E 
| 
(a) 
oO 
Hw 
— 
= 
WwW 
a 
x 
=) 
oO 
> 
A 
a 
Qa 
> 
Yn 


G 
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| 
<a 
— 
WwW 
a 
=) 
- 
<a 
ax 
WwW 
a. 
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ve 
= 
= 
ae 
a 
@ 
= 
a 


1000 10,000 
CLOCK FREQUENCY—kHz SUPPLY VOLTAGE pp ~ (VOLTS) 
92CS-34240 
92CS - 34241 
Fig. 2 - Typical current drain versus sampling rate Fig. 3 - Maximum ambient temperature versus supply voltage. 
as a function of supply voltage. (Above curve includes ladder dissipation but not the 


zener dissipation.) 
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CA3300 Types 


CHARACTERISTIC TEST CONDITIONS @ 25°C | s/s « CA3300CE =——C—“‘CSC~*SYT«SC#UPUNITT'S 


[MIN | TYP. [ MAX. _ 


ELECTRICAL CHARACTERISTICS 


Linearity Error Vpoo=8 V, Vrer=7.68 V 
Differential Linearity Error Voo=8 V, Vrer=7.68 V we 
iia Be 7 


Quantizing Error 


Analog Input: Vpop=8 V 


Full Scale Range CLK=9 MHz 2.4 — Voo+0.5 V 
Input Capacitance — 50 _ pF 
Input Current — 450 1000 MA 


Gain Temperature Coefficient Vop=8 V, CLK=9 MHz | — | 0.016 | — | LSB/°C 


Maximum Conversion Speed Vop=95 V — 
Vop=8 V 19M 


Device Current Vpp=5 V (CLK=7 MHz) 
(Excludes Irer, !z) Vpp=8 V (CLK=9 MHz) 
Vop=5 V (Auto Balance State) 
Vpp=8 V (Auto Balance State) 


ee ee ee 


Ladder Impedance 
Digital Inputs: 
Low Voltage 


High Voltage 


Input Current 
Digital Outputs: 


Output Low Vop=5 V, Vo=0.4 V 
(Sink) Current Vpp=8 V, Vo=0.5 V 
Output High Vopo=5 V, Vo=4.6 V 


(Source) Current Vpo=8 V, Vo=7.5 V 
Zener Voltage 
Zener Dynamic Impedance 


Zener Temperature Coefficient 


Digital Output Delay, t 
Aperture Time 


CONDITIONS: 
—VrRer = Yoo 


p-2 
____ ALL COUNTS PRESENT 


me 


Vpp= 3 VOLTS 


= 2) 
re 7 
xr @o 
wn 
= a | 
| 
WwW x 
= °o 
& ra 
= W 
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a WwW 
2) 
= o 
a re 
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O (Zi 4 6 8 10 - ; ie 
SUPPLY VOLTAGE , Vpp—(VOLTS) 
Goce aaa5e SAMPLE RATE — MSPS satecwense 
Fig. 4s Typical maximum sample rate versus supply voltage. Fig. 5 - Typical offset error versus sample rate as a function 


of supply voltage. (See literature for offset trim.) 


623 


CA3300 Types 


PHASE COMPARATOR DATA 
> | (CPIN 8) 1S LATCHED 
DATA |S SHIFTED 
INTO OUTPUT REGISTERS 
l Be 
CLOCK SAMPLE AuTO SAMPLE AUTO SAMPLE AUTO 
> (IRIN 7) BALANCE 2 BALANCE 3 BALANCE 
l 
DATA VALID DATA VALID DATA VALID 
0 7 2 
0 
—~ tq 'd 
| 
PHASE 
(PIN 8) DATA 1S SHIFTED 
INTO OUTPUT REGISTERS 
0 
COMPARATOR DATA 
g IS LATCHED 
| 
CLOCK AUTO AUTO SAMPLE 
o (PIN 7) BALANCE BALANCE 3 
| 
| 
; | 
B1>B6 
OF | DATA VALID 
2 
O 
92CM-34886 
(a) 
COMPARATOR 
COMPARATOR DATA DATA 1S SHIFTED DATA IS LATCHED™ [O SUT EU PEcISTER 
IS LATCHED TO OUTPUT REGISTERS oie 
2 l 2 
cLock £ ’ : PULSE- MODE OPERATION ete 
PULSES WITH ¢ 2 AS STANDBY STATE PULSE- MODE OPERATION 
AND PHASE CONTROL (PIN 8) LOW WITH $1 AS STANDBY STATE 
feaeicer WE THCD) AND PHASE CONTROL (PIN 8)HIGH 
(INDEFINITE STANDBY STATE) 


92CS-3511) 


92CS- 35112 


CONDITIONS: 
Vin = Yree* Yoo 
TEMP. = 25°C 
o 4 
a 
Hf 
z a 
: : 
= z 
ra a 
a = 
x = 
: : 
~ @ 
al Zz 
4 H 
< a 
a 
pO 
oa 
t | 
ae 
a 
S i] 
fe) | 2 3 4 5 6 7 8 9 
INPUT VOLTAGE (Vy)—VOLTS 
92CS- 34230 SAMPLE RATE—MSPS 
92CS - 34228 
Fig. 7 - Typical input current versus input voltage Fig. 8 - Typical input current versus sample rate 
as a function of supply voltage. as a function of supply voltage. 
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Vop = 5 VOLTS 
Vpp "8 VOLTS 


CONDITIONS : 


3 la YD, 
r 


TYPICAL GAIN ERROR— LSB 


SAMPLE RATE MSPS 
Fig. 9 - Typical gain error versus sample rate as a function 
of supply voltage. (See literature for gain trim.) 


92CS- 34231 


LINEARITY— LSB'S, ABSOLUTE VALUE 


SAMPLE RATE- MSPS 
92CS- 34232 


Fig. 10 - Typical linearity versus sample rate as a 
function of supply voltage. 


CONDITIONS: 
TEMP. = 25°C seesees 
LINE ARITY= BEST LINE Seecee 
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<a 


TYPICAL LINEARITY-LSB'S, ABSOLUTE VALUE 
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REFERENCE ara ay (VreF)- acre. 
92CS-34233 
Fig. 11 - Typical linearity versus reference voltage 
as a function of supply voltage. 


Device Operation 


A sequential parallel technique is used by the CA3300 
converter to obtain its high-speed operation. The sequence 
consists of the “Auto Balance” phase @1 and the “Sample 
Unknown” phase @2. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle.* With the phase control 
(pin 8) low, the “Auto Balance” (@1) occurs during the High 
period of the clock cycle, and the “Sample Unknown” (@2) 
occurs during the low period of the clock cycle. 


During the “Auto Balance” phase, a transmission switch is 
used to connect each of 64 commutating capacitors to their 


This device requires only a single phase clock. The terminology of 
$1 and $2 refers to the High and Low periods of the same clock. 
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associated ladder reference tap. Those tap voltages will be 
as follows: 


Vtap (N) = [(Vrer/64) x N] - [Vrer/(2 x 64)] 
= Vrer[(2N - 1)/128] 
Where: Vtap (n) = reference ladder tap voltage at point n 
Vrer = voltage across R’ to R* 
N = tap number (1 through 64) 


The other side of the capacitor is connected to a single 
stage amplifier whose output is shorted to its input by a 
switch. This biases the amplifier at its intrinsic trip point, 
which is approximately, (Voo-Vss)/2. The capacitors now 
charge to their associated tap voltages, priming the circuit 
for the next phase. 


In the “Sample Unknown” phase, all ladder tap switches are 
opened, the comparator amplifiers are no longer shorted, 
and Vin is switched to all 64 capacitors. Since the other end 
of the capacitor is now looking into an effectively open 
circuit, any voltage that differs from the previous tap voltage 
will appear as a voltage shift at the comparator amplifiers. 
All comparators with tap voltages greater than Vin will drive 
the comparator outputs to a “low” state, all comparators 
with tap voltage lower than Vin will drive the comparator 
outputs to a “high” state. 


The status of all these comparator amplifiers are stored at 
the end of this phase (2), by asecondary latching amplifier 
stage. Once latched, the status of the 64 comparators is 
decoded by a 64-to 7-bit decode array and the results are 
clocked into a storage register at the rising edge of the next 
G2. 


A 3-state buffer is used at the output of the 7 storage 
registers which are controlled by two chip-enable signals. 
CE1 willindependently disable B1 through B6 whenitisina 
high state. CE2 will independently disable B1 through B6 
and the OF buffers when it is in the low state. 


To facilitate usage of this device a phase-control input is 
provided which can effectively complement the clock as it 
enters the chip. Also, an on-board zener is provided for use 
as a reference voltage. 


Continuous Clock Operation 


One complete conversion cycle can be traced through the 
CA3300 via the following steps. (Refer to timing diagram 
Fig. 6a.) With the phase control in a ‘High’ state, the rising 
edge of the clock input will start a “sample” phase. During 
this entire ‘High’ state of the clock, the 64 comparators will 
track the input voltage and the 64 latches will track the 
comparator outputs. At the falling edge of the clock, all 64 
comparator outputs are captured by the 64 latches. This 
ends the “sample” phase and starts the “auto balance” 
phase for the comparators. During this ‘Low’ state of the 
clock the output of the latches propagates through the 
decode array and a7-bit code appears at the D inputs of the 
Output registers. On the next rising edge of the clock, this 
7-bit code is shifted into the output registers and appears 
with time delay tg as valid data at the output of the 3-state 
drivers. This also marks the start of a new “sample” phase, 
thereby repeating the conversion process for this next 
cycle. 


Pulse Mode Operation 


For sampling high-speed nonrecurrent or transient data, 
the converter may be operated in a pulse modeinoneoftwo - 
ways. The fastest method is to keep the converter in the 
Sample Unknown phase, @2, during the standby state. The 
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device can now be pulsed through the Auto Balance phase 
with as little as 33 ns. The analog value is captured on the 
leading edge of $1 and is transferred into the output 
registers on the trailing edge of @1. We are now back in the 
standby state, @2, and another conversion can be started 
within 33 ns, but not later than 1 ws due to the eventual 
droop of the commutating capacitors. Another advantage 
of this method is that it has the potential of having the lowest 
power drain. The larger the time ratio between @2 and 91, 
the lower the power consumption. (See timing diagram Fig. 
6b.) 


The second method uses the Auto Balance phase, $1, as 
the standby state. In this state the converter can stay 
indefinitely waiting to start a conversion. A conversion is 
performed by strobing the clock input with two @2 pulses. 
The first pulse starts aSample Unknown phase and captures 
the analog value in the comparator latches on the trailing 
edge. Asecond @2 pulse is needed to transfer the data into 
the output registers. This occurs on the leading edge of the 
second pulse. The conversion now takes place in 67 ns, but 
the repetition rate may be as slow as desired. The 
disadvantage to this method is the higher device dissipation 
due to the low ratio of $2 to #1. (See timing diagram Fig. 
6c.) 


Increased Accuracy 


In most cases the accuracy of the CA3300 should be 
sufficient without any adjustments. In applications where 
accuracy is of utmost importance, three adjustments can be 
made to obtain better accuracy; i.e., offset trim, gain trim, 
and midpoint trim. 


Offset Trim 


In general offset correction can be done in the preamp 
Circuitry by introducing adc shift to Vin or by the offset trim 
of the op amp. When thisis not possible the R (pin 10) input 
can be adjusted to produce an offset trim. The theoretical 
input voltage to produce the first transition is “LSB. The 
equation is as follows: 


Vin (0 to 1 transition’ = %LSB= Yo(Vrer/64) 
= Vrer/128 


If Vin for the first transition is less than the theoretical, thena 
single-turn 50-ohm pot connected betweenR and ground 
will accomplish the adjustment. Set Vin to % LSB and trim 
the pot until the 0 to 1 transition occurs. 


If Vin for the first transition is greater than the theoretical, 
then the 50-ohm pot should be connected betweenR anda 
negative voltage of about 2 LSB’s. The trim procedure is as 
stated previously. 


Gain Trim 
In general the gain trim can also be done in the preamp 
circuitry by introducing a gain adjustment for the op amp. 


When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform 


’ this trim, Vin should be set to the 63 to overflow transition. 


Nae EE TE, a I SS I AS SSOP SESS A SA Se SPS Se PP CPPS A NS SSSI’ 


626 


That voltage is % LSB less than Vrer and is calculated as 
follows: 


Vin (63 to 64 transition) = Vrer - Vrer/128 
= Vrer (1 27/128) 


To perform the gain trim, first do the offset trim and then 
app'’ the required Vin for the 63 to overflow transition. Now 
adjust Vrer until that transition occurs on the outputs. 


Midpoint Trim 


The reference center (RC), pin 16, is available to the user as 
the approximate midpoint of the resistor ladder. The actual 
count that is brought out is count 33. To trim the midpoint, 


the offset and gain trims should be done first. The theoretical 
transition from count 32 to 33 occurs at 32% LSB’s. That 
voltage is as follows: 


Vin (32 to 33 transition) = 32.5 (Vrer/64) 


An adjustable voltage follower can be connected to the RC 
pin or a 2-K pot can be connected between R* andR with 
the wiper connected to RC. Set Vin to the 32 to 33 transition 
voltage, then adjust the voltage follower or the pot until the 
transition occurs on the output bits. 


The Reference Center point can also be used to create 
some unique transfer functions. For example, if Ris 
grounded, RC is connected to 3.25 volts, and R® is connected 
to 4.8 volts then the lower order counts, 1 through 33, will 
have an LSB value of 100 mV while the upper order counts, 
34 through Overflow, will have an LSB value of 50 mV. This 
effectively provides twice the sensitivity in the upper counts 
as compared to the lower counts. 


7-Bit Resolution 


To obtain 7-bit resolution, two CA3300’s can be wired 
together. Necessary ingredients include an open-ended 
ladder network, an overflow indicator, three-state outputs, 
and chip-enabler controls—all of which are available on the 
CA3300. 


The first step for connecting a 7-bit circuit is to totem-pole 
the ladder networks, as illustrated in Fig. 13. Since the 
absolute resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 


The overflow output of the lower device now becomes the 
seventh bit. When it goes high, all counts must come from 
the upper device. When it goes low, all counts must come 
from the lower device. This is done simply by connecting 
the lower overflow signal to the CE1 control of the lower 
A/D converter and the CE2 control of the upper A/D 
converter. The three-state outputs of the two devices (bits 1 
through 6) are now connected in parallel to complete the 
circuitry. The complete circuit for a 7-bit A/D converter is 
shown in Fig. 14. 


8-Bit to 12-Bit Conversion Techniques 


To obtain 84to 12-bit resolution and accuracy, use a feed- 
forward conversion technique. Two A/D converters will be 
needed to convert up to 11 bits; three A/D converters to 
convert 12 bits. The high speed of the CA3300 allows 12-bit 
conversions in the 500 to 900-ns range. 


The circuit diagram of a high-speed 12-bit A/D converter is 
shown in Fig. 15. In the feed-forward conversion method 
two sequential Conversions are made. Converter A first 
does acoarse conversion to 6 bits. The output is appliedtoa 
6-bit D/A converter whose accuracy level is good to 12 bits. 
The D/A converter output is then subtracted from the input 
voltage, multiplied by 32, and then converted by a second 
flash A/D converter, which is connected in a 7-bit configu- 
ration. The answers from the first and second conversions 
are added together with bit 1 of the first conversion 
overlapping bit 7 of the second conversion. 


When using this method, take care that: 


# The linearity of the first converter is better than % LSB. 
#® An offset bias of 1 LSB (1/64) is subtracted from the first 
conversion since the second converter is unipolar. 
ws The D/Aconverter and its reference are accurate to the 
total number of bits desired for the final conversion (the 

A/D converter need only be accurate to 6 bits). 


The first converter can be offset-biased by adding a 
20-Q resistor at the bottom of the ladder and increasing 
the reference voltage by 1 LSB. If a 6.40-voltage 
reference is used in the system, for example, then the 
first CA3300 will require a 6.5-V reference. 


DATA 
OUTPUT 


SIGNAL 
INPUT 


92CS-34234 
Fig. 12 - Typical CA3300 6-bit configuration 15-MHz sampling rate. 
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Fig. 13 - Typical CA3300 7-bit resolution configuration 15-MHz sampling rate. 
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(MSB) 


1 B6 BS 18 


2 OF B4 17 
CA3300 


5CE2 8214 


6CEI BI 13 


7CLK Vop !2 


BPH Vin II 


9 REF+ REF-I0 


Vin Il 


9 REF+ REF-IO 


92CM- 34236 


Fig. 14 - Typical CA3300 6-bit resolution configuration 
30-MHz sampling rate. 
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BINARY 
ADDER 
S/H, Vin 
12 BIT 
OUTPUT 
DATA 
BIT DAC 
(12 BIT ACCURACY) 
92CM-34237 
CONTROL 
LOGIC 
Fig. 15 - Typical CA3300 800-ns 12-bit ADC system. 
CA3300 \, 
DD 
CA3300 
INPUTS: 
TYPICAL FOR, 


CLK PINT 
PHASE PIN 8 


CEI PIN 6 as 
CE2 PIN 5 
OPEN COLLECTOR 
DRIVER 

CA3300 

OUTPUTS: 
TYPICAL FOR CA3500 
BI PIN 13 ANY LOW POWER SCHOTTKY 
82 PIN I4 TTL WITH HIGH INPUT 
a3 ae VOLTAGE RATING.(MANY LS DEVICES 

ARE RATED TO ACCEPT VOLTAGES 

B4 PINI? UP TO 15 VOLTS) 
B5 PINI8 
B6 PIN | 
OF PIN 2 


92CM-34229R) 


Fig. 16 - TTL interface circuit for Voo > 5.5 volts. 
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OUTPUT CODE TABLE 


INPUT VOLTAGE* BINARY 


ODE DESCRIPTION! Vrer Vrer Vrer Vrer OUTPUT CODE DECIMAL COUNT 
7.68 6.40 5.12 3.20 (LSB) 
(V) (V) (V) OF B6 B5 B4 B3 B2 BI 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 1 
0 0 0 0 0 1 0 2 
% Full Scale — 1 LSB 0 0 1 1 1 1 1 oT 
% Full Scale 0 1 0 0 0 0 0 32 
% Full Scale +1 LSB 0 1 0 0 0 0 1 33 
Full Scale — 1 LSB 0 1 1 1 1 1 0 62 
Full Scale 0 1 1 1 1 1 1 63 
Overflow 1 1 1 1 1 1 1 127 


*The voltages listed below are the ideal centers of each output code shown as a function of its associated reference voltage. 


) 20 40 60 80 100 20 127 


| | 
= ‘iB Avy RORETERERUTREREERPRURARERERUR ROTATE UARERERATY AAA | 


a Se = 
7 4-10 
(0.102-0.254) - 
124-132 
— (3,150- 3.552) 
92CM-33324 


Dimensions and pad layout for CA3300H. 


The photographs and dimensions of each CMOS chip 
represent achip when itis part of the wafer. When the wafer is 
Dimensions in parentheses are in millimeters and are derived from separated into individual chips, the angle of cleavage may vary 


the basic inch dimensions as indicated. Grid graduations are in with respect to the chip face for different chips. The actual 
mils (10°? inch). dimensions of the isolated chip, therefore, may differ slightly 


from the nominal dimensions shown. The user should consider 
a tolerance of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CMOS Video Speed 8-Bit Flash 


Analog-to-Digital Converter 


For Use in Low-Power Consumption, 
High-Speed Digitization Applications 
Features: 

= CMOS low power with SOS speed 

= Parallel conversion technique 

# 15-MHz sampling rate (66-ns conversion time) 
= 8-bit latched 3-state output with overflow bit 
» + %LSB accuracy (typ.) 

a Single supply voltage (4 to 8 V) 

# 2 units in series allow 9-bit output 

# 2 units in parallel allow 30-MHz sampling rate 


The RCA CA3308° is a CMOS 200-mW parallel (FLASH) 
analog-to-digital converter designed for applications 
demanding both low-power consumption and high-speed 
digitization. 

The CA3308 operates over a wide full-scale input-voltage 
range of 4 volts up to 8 volts with maximum power 
consumptions as low as 200 mW, depending upon the clock 
frequency selected. When operated from a 5-volt supply at 
a clock frequency of 15 MHz, the power consumption of the 
CA3308 is less than 150 mW. 


The intrinsic high conversion rate makes the CA3308 
ideally suited for digitizing high-speed signals. The overflow 
bit makes possible the connection of two or more CA3308s 
in series to increase the resolution of the conversion system. 
A series connection of two CA3308s may be used to 
produce a 9-bit high-speed converter. Operation of two 
CA3308s in parallel doubles the conversion speed (i.e., 
increases the sampling rate from 15 to 30 MHz). CA3308s 
may be combined with a high-speed 8-bit D/A converter, a 
binary adder, control logic, and an op amp to form a very 
high-speed 15-bit A/D converter. 


256 paralleled auto-balanced voltage comparators measure 
the input voltage with respect to a known reference to 
produce the parallel-bit outputs in the CA3308. 


255 comparators are required to quantize all input voltage 
levels in this 8-bit converter, and the additional comparator 
is required for the overflow bit. 


The voltage supply for analog circuitry is termed Vaa and 
AGND. The voltage supply for digital circuitry is termed 
Vpp and Vss. 


The CA3308 type is available in a 24-lead dual-in-line 
ceramic package (D suffix). 


¢ Formerly Developmental Type No. TA11279. 
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(D) SUFFIX 
24-Lead Dual-in-Line 
Side-Brazed Ceramic Package 


Applications: 


s The CA3308 is especially suited for high-speed con- 
version applications where low power is also important 

a TV video digitizing (industrial/security/broadcast) 

s High-speed A/D conversion 

# Ultrasound signature analysis 

# Transient signal analysis 

= High-energy physics research 

® High-speed oscilloscope storage/display 

# General-purpose hybrid ADCs 

® Optical character recognition 

= Radar pulse analysis 

# Motion signature analysis 

# uP data acquisition systems 


(TOP VIEW) 
(LSB) B1 Van (ANALOG SUPPLY) 
B2 3/4R 
B3 +R 
B4 VIN 
B5 1/2R 
B6 PHASE 
B7 CLK 
(MSB) B68 AGND (ANALOG GROUND) 
OVERFLOW VIN 
1/4R -R 
(DIGITAL GROUND) Vs CEl 
(DIGITAL SUPPLY) Vpp CEe 
92CS- 34789 


TERMINAL ASSIGNMENT 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY VOLTAGE RANGE (Vpp AND Vaa) 


(VOLTAGE REFERENCED TO Ves TERMINAL) «cc stes sd see 0s5' sae s0ck ved eeu okw s 64 e ORCC wR OS 2484 He0rex —0.5 to +8 V 
INPUT VOLTAGE RANGE 

eo er ee ere ee ee eee ee ee ee See eer ee Se ee —0.5 to Vpp +0.5 V 
DC INPUT CURRENT 

Oe oa) ee | eee ee ee ee eee ee eee Te ee re ee rere +10 mA 
POWER DISSIPATION PER PACKAGE (Pp) 
pe ee 8 hol Se ee ee en ee eee nr ee ee ee ee ere Pree re eee ar eee 315 mW 

2 eg Og OL. Ce re ee ee ee ee ee eee ee ee eee oT Derate linearly at 3.3 mW/°C 
TEMPERATURE RANGE 

ROR AUIS 602 Geedoe sonar asieuw se eceueewaees Wess ov ese cecbweers saraeas ens 50660 euas HWS) code —40 to +85°C 

BIORAGE. 66s woke eGo We 6466 Ee 555 EE SPE EESS SES SEDO ES Ka OHO TEEEDEH Tb OE He SEH SHES EC ONS 645655504 —65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING) 

AT DISTANCE 1/16 + 1/32 in. (1.59 + 0.79 mm) FROM CASE FOR T0SMAX. ccccssesisascdcesesseuievawcveuacs +265°C 

$2 >| | $2 


DIGITAL 
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Fig. 1-Block diagram for the CA3308. 
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ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 
Resolution 


Linearity Error 


Differential Linearity Error 


Quantizing Error 
Analog !nput: 

Full Scale Range 

Input Capacitance 

Input Current 
Maximum Conversion Speed 
Device Current (Excludes IREF) 
Ladder Impedance 
Digital Inputs: 

Low Voltage 

High Voltage 

Input Current (Except Pin 18) 
Digital Outputs: 

Output Low (Sink) Current 

Output High (Source) Current 
Digital Output Delay, tg 


TEST CONDITIONS 
VAA =| VDD 


Vpp=5 V, VReF=6.4 V 


CLK=15 MHz, gain adjusted 
Vpp=5 VREF=6.4 V 


CLK=15 MHz 


CLK=15 MHz 


VIN= 6.4 V 


Vpp=5 V 15M 
Vpp=5 V (CLK=15 MHz) 


Vpp=5 V 


Vpp=5 V, Vo=0.4 V 


Vpp=5 V, Vo=4.6 V 


Vpp=5 V 
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LIMITS 


TYP. 
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Fig. 2-Timing diagram for the CA3308. 
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| BI (LSB) 
2 B2 
3 B3 
484 
DIGITAL OUTPUT 5 B5 
6 BG 
7 B7 
8 B8 


9 O.F 


l01I/4R 
$ 
0.2 pF 


+3 VOLTS 
(DIGITAL SUPPLY) 


12 Vpp 


Vaan 24 


3/4 R 23 


AGND |7 
VIN 16 


-R 15 
CEI 14 


5 VOLTS (ANALOG SUPPLY) 


6.4 VOLTS (REFERENCE VOLTAGE) 


O-~ 6.4V INPUT SIGNAL 
(USE LH 0033 OR EQUIVALENT) 
+5 OPEN 
; COLLECTOR 
TTL 


CLOCK 


1. RI— R4=1000..0.1 % 1/8 WATT (DELETE WHEN USING 
» REFERENCE Gavin clncUTy 
“CONNECTED TO EACH OTHER 92CM- 54618R2 
NEAR THE CHIP. 
3. Vaa=+6V WILL IMPROVE LINEARITY 


Fig. 3-Typical circuit configuration for the CA3308. 
(15-MHz sampling rate) 


t 
VREFERENCE - 
0.1 pF 
3 ( — 
5K 4 - 
| _ 100 
: Veer (PIN 22) 
0.1 pF 
5.1K a 
5 
oe 7 , 100 
; 3/4 Veer (PIN 23 
5.1K TotaF 
100 pF = 
1.8K 
|. ALL RESISTORS ARE 5 % 1/8 WATT re 
2.ALL POTS ARE MULTITURN 
3 ALL CAPACITORS ARE CERAMIC 
DISC, 50 Vwoc. 5K hs 
4 U1=CAI24 QUAD OP- AMP ees 1/2 Veee (PIN 20) 
5 ADJUST Vper FIRST (GAINTRIM) 9 REF 
THEN ADJUST 1/2 Veep, 3/4VREF 
AND 1/4 Vece POINTS. 
REF 24K i aed 
5.1K 
12 
5K 
14 100 
a 1/4Veer (PIN 10) 
13 
100 pF I 
1.8 K 


92CM-34790 


Fig. 4~Reference driver circuit. 
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(Use for maximum linearity) 


Device Operation 


A sequential parallel technique is used by the CA3308 
converter to obtain its high-speed operation. The sequence 
consists of the “Auto Balance” phase, 01, and the “Sample 
Unknown” phase @2. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle.* With the phase control 
(pin 8) high, the “Auto Balance” (@1) occurs during the High 
period of the clock cycle, and the “Sample Unknown” (@2) 
occurs during the low period of the clock cycle. 


During the “Auto Balance” phase, a transmission switch is 
used to connect each of the first set of 256 commutating 
Capacitors to their associated ladder reference tap. Those 
tap voltages will be as follows: 


Vtap (N)=[(N/256) VReF]{(1/512) VReF) 
=[(2N—1/512] VREeF 
Where: 
Vtap (n)=reference ladder tap voltage at point n. 
VREF=voltage across —REF to +REF 
N=tap number (1 through 256) 


The other side of these capacitors are connected to single 
stage amplifiers whose outputs are shorted to their inputs 
by switches. This balances the amplifiers at their intrinsic 
trip points, which is approximately, Vpp—Vss/2. The first 
set of capacitors now charge tc their associated tap 
voltages. 


At the same time a second set of commutating capacitors 
and amplifiers are also auto-balanced. The balancing of the 
second stage amplifier at its intrinsic trip point removes any 
tracking differences between the first and second amplifier 
stages. The cascaded auto-balance (CAB) technique, used 
here, increases comparator sensitivity and temperature 
tracking. 

In the “Sample Unknown” phase, all ladder tap switches 


and comparator shorting switches are opened. At the same 
time Vin is switched to the first set of commutating 


*This device requires only a single phase clock. The terminology of 
01 and 02 refers to the High and Low periods of the same clock. 


CA3308, CA3308A Types 


capacitors. Since the other end of the capacitors are now 
looking into an effectively open circuit, any input voltage 
that differs from the previous tap voltage will appear as a 
voltage shift at the comparator amplifiers. All comparators 
that had tap voltages greater than Vip will go toa “low” state 
at their outputs. All comparators that had tap voltages 
lower than Vjn will go to a “high” state. 


The status of all these comparator amplifiers are ac 
coupled through the second stage comparator and stored 
at the end of this phase (@2), by a latching amplifier stage. 
Once latched, the status of the comparators are decoded 
by a 256 to 9-bit decode array and the results are clocked 
into a storage register at the rising edge of the next 22. 


A 3-state buffer is used at the output of the 9 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B8 when itisina 
high state. CE2 will independently disable B1 through B8 
and the OF buffers when it is in the low state. 


To facilitate usage of this device a phase control input is 
provided which can effectively complement the clock as it 
enters the chip. 


Continuous Clock Operation 


One complete conversion cycle can be traced through the 
CA3308 via the following steps. (Refer to timing diagram 
No. 1.) With the phase control in a “low” state, the rising 
edge of the clock input will start a “sample” phase. During 
this entire “high” state of the clock, the comparators will 
track the input voltage and the latches will track the 
comparator outputs. At the falling edge of the clock, all 256 
comparator outputs are captured by the 256 latches. This 
ends the “sample” phase and starts the “auto balance” 
phase jor the comparators. During this “low” state of the 
clock the output of the latches propagates through the 
decode array and a 9-bit code appears at the D inputs of the 
output registers. On the next rising edge of the clock, this 
9-bit code is shifted into the output registers and appears 
with time delay tg as valid data at the output of the 3-state 
drivers. This also marks the start of a new “sample” phase, 
thereby repeating the conversion process for this next 
cycle. 
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CMOS 4 x 4 Crosspoint 


Switch with Control Memory 


High-Voltage Types (20-Volt Rating) 


The RCA-CD22100 combines a 4 x 4 


array of crosspoints (transmission gates) with 


a 4-line-to-16-line decoder and 16 latch cir- 


cuits. Any one of the sixteen transmission 
gates (crosspoints) can be selected by apply- 
ing the appropriate four line address. The 
selected transmission gate can be turned on 
or off by applying a logical one or zero, 
respectively, to the data input and strobing 
the strobe input to a logical one. Any number 
of the transmission gates can be ON simul- 
taneously. When the required operating 
power is applied to the CD22100, the states 


of the 16 switches are indeterminate. 
Therefore, all switches must be turned off 


by putting the strobe high and data-in low, 
and then addressing all switches in 
succession. 


Features: 

® Low ON resistance — 75 (2 typ. at 
Vpp = 12 V 

® “Built-in” control latches 

® Large analog signal capability — + Vpp/2 

® 10-MHz switch bandwidth 

® Matched switch characteristics 
ARon = 1822 typ. at Vpp = 12 V 

® High linearity — 0.5% distortion (typ.) at 
f = 1 kHz, VIN =5 Vp-p Vpp = 10 V, 
and Ry = 1 kQ2 

® Standard CMOS noise immunity 

= 100% tested for maximum quiescent 
current at 20 V 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vg Terminal) 
INPUT VOLTAGE RANGE, ALLINPUTS . 
DC INPUT CURRENT, ANY ONE INPUT™. 

POWER DISSIPATION PER PACKAGE (P 


: 
For Tq = —40 to +60°C (PACKAGE TYPE E) . 
For Ta = +60 to +85 C (PACKAGE TYPE E) . . 
For Ta = —55 to +100 c (PACKAGE. TYPES D, F) 
For Ta = +100 to +125 C (PACKAGE TYPES D, F) 
DEVICE DISSIPATION PER TRANSMISSION GATE 
= FULL PACKAGE-TEMPERATURE RANGE (AII Package Types) 


FOR Ta 

OPERATING-TEMPERATURE RANGE (T 
PACKAGE TYPES D, F,H 
PACKAGETYPEE ..... . 

STORAGE TEMPERATURE RANGE (T,,,.) 


al: 


. —0.5 to +20 V 
—0.5 to Vop +0.5 V 
; +10 mA 


- eb & B se = F 500 mW 
Derate Linearly at 12 mw/°C to 200 mw 
oe a ke es ee 500 mW 
Derate Linearly at 12 mw/°C to 200 mW 


100 mW 
° 
—55 to +125 C 


—40 to +85°C 
65 to +150°C 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 $ max. +265°C 


* Maximum current through transmission gates (switches) = 25 mA. 


ADDRESS 
16 CONTROL LATCHES 


« 
WwW 
Fa) 
fe} 
rs) 
WwW 
ra) 
w 
z 
3 
© 
i] 
° 
Ly 
Ww 
= 
a 
' 
¢ 


92CM- 27346RI 


Fig. 1 — Functional diagram. 


VIEW 


92CS-27345 


Terminal 
Assignment 


HH AMBIENT TEMPERATURE 


-2 


SWITCH “ON” RESISTANCE ( Roy 


INPUT SIGNAL (V,,) 92¢8- 30261 


Fig. 2— Typical ON resistance as a function of 
input signal voltage at V = —Voco= 
a5 DD SS 


sSuszsssesssvetsevetseretzs 


seas AMBIENT TEMPERATUR 
(Ta )# 125°C 
BERGER RERROSEDEEBA BA 
in VERE enenannen 


SWITCH "ON" RESISTANCE (Ron)— 2 


ess 
seescceusccessecuce SS GREER socaccccccecucaea 
“10 -75 -§ -25 0 25 § 75 10 
INPUT SIGNAL (Vj, )-V 
92CS- 30262 


Fig. 3— Typical ON resistance as a function of 
input signal voltage at Vp p™ ~Ves= 
5 V. 


SUPPLY VOLTAGE (Vpp)*+7.5V, Vgg *-7.5V 


on) -2 


(Ta ) #125% 
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« 
2 

2 
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s 
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92CS- 30263 


Fig. 4 — Typical ON resistance as a function of 
input signal voltage at Vay = —Vec= 
7.5 V. a 
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RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


J 
SUPPLY VOLTAGE (Vpp)= +2.5V 
(Vgg)#-2.5V 


CHARACTERISTIC clu 


Supply-Voltage Range (For Ta = 
Full Package-Temperature Range) 


BR SARTO TRESS ARCOM RABNE eR BeD 
’ 75 -5§ -25 0 25 
* DATA INPUT SIGNAL (V..)—V 
STROBE IN ? 92cs-30264 
QO? O2 


/ \/ O15 Fig. 5— Typical ON resistance as a function of 
YI ; . 
input signal voltage at T, =25 C. 
) 
: AMBIENT TEMPERATURE (Ta) = 25°C 3 
nl : SUPPLY VOLTAGE (Vpp)* IOV 
Py - HH jeeees a 
LATCH T O 14 
@:! i | =o Ye som rrr 
4 | : 
5 
a 
TO OTHER DECODER ? ——- 
GATES/LATCHES a 


q——_ 
O10 
o_ ey. 8. 2a. 
DETAIL OF LATCHES 


‘a 
H : - 
‘ é 
- fe} 2 4 6 8 10 
= 13 INPUT VOLTAGE (Vig)—V oe ee 
15 


Fig. 7 — Typical switch ON transfer charac- 
. “A me i teristics ( 1 of 16 switches). 


HD 
U) 
im 
VI 
ani 
ry 


OUTPUT VOLTAGE (Vo,)—¥ 


OETAIL OF TRANSMISSION GATES 


Voo IN Vv AMBIENT TEMPERATURE (Ta)= 25°C 
00 SUPPLY VOLTAGE : Vpp* +5, Vsg*- 5V 
v INPUT SIGNAL VOLTAGE (Vis )= 5 V p-p 
DO 2 | SINE WAVE (1.77 V RMS) 
2 DATA-IN VOLTAGE (VpaTa-In) = +5V 
> 9.5 |LOAD CAPACITANCE (C.)=15 pF 
a 
* INPUTS =—— Q 2 | | | || | 
PROTECTED BY OUT : LOAD RESIS TANCE 
COS/MOS PROTECTION ~~ 2 
NETWORK 3° (RL )=IMa | {{ fis 
315 | | [Vil di Stn | li 
oO 
Vss 92CL-30299R1 7 : | = 
a 4 : RF VOLTMETER 
Vss Fy | BOONTON RADIO 
ro MODEL 91-CA 
3 NOR EQuiv. 


Fig. 6— Schematic diagram. 
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2 468 2 468 2 4686 68 
02 0° 4 10 


2 
0° 6 


l 10 \ 
INPUT SIGNAL FREQUENY (fj,)— kHz 
92CS - 30266 


TRUTH TABLE Fig. 8 — Typical switch ON frequency response 


characteristics. 
[Address | Select | Address | Select _ 
A 


O| AMBIENT TEMPERATURE (Ta )=25°C 


B Cc OD B Cc OD SUPPLY VOLTAGE (Vpp) #10 V 
INPUT SIGNAL VOLTAGE (Vjg)=!0 V p-p (sine wave) 
0 0 9 O 0 Oo 1 etOAD RESISTANCE (Aska. 
1 OO oO 0 6 oOo 1 io 
1 ly 
0 1 0 O 1 0 1 3 | i | ill 
1 1 0 «0 1 0 1 60 7 
0 0 1 0 oO 1 1 - ean 
1 O 1 0 oO 1 1 2 4 
f af 
0 1 1 0 1 1 1 , 
1 1 #1 =«~°0 14 4 
1 * 768. 2 468 2 102° bli tad dada’ 
INPUT SIGNAL FREQUENCY (f;.)— kHz 92CS- 30267 


Fig. 9 — Typical crosstalk between switches as a 
function of signal frequency. 
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STATIC ELECTRICAL CHARACTERISTICS 

LIMITS at Indicated Temperature ( C) 
CHARAC- Values at —55,+25,+125,apply to D,F,H pkg 
TERISTIC Values at —40,+25,+85,apply to E pkg 


Vin |Ypp 40 | +85 |+125 +25 
(Vv) | (Vv) ‘ 


dimnil 

“4 Regi 

A AAA —— ooo 
HH ae al 


CROSSPOINTS 


-——o- = = 
CL = 15 pF H 


Quiescent 


=— 
Device Cur- |= [10 | 10] 10 | 300} 300] - | o.04 | 10 
rent, IDp | - [15 | 20] 20 | 600] 600] - | 0.04 | 20, 
Mew | = | 20 |100 | 100 | 3000/3000] - | 0.08 | 100 | 


ON Resist |= | 5 }475 | 500 | 725] 800] - | 225 | 600 
22 


POWER DISSIPATION PER PACKAGE (Pp )—,W 


468 2 468 22 468 2468 
0.1 \ 10 10 10° 104 
SWITCHING FREQUENCY (f,)—kHz 


92CS- 30268 


Fig. 10 — Typical dynamic power dissipation as a 
function of switching frequency. 


ance | May Sunn [= [ro [136 | 145_[ 205] 230[ — [85 [180 | 
Serie |= |12 [100 {110 | 155] 175] - | 75_| 135 
= |= [15 | 70] 75 | 110] 125] - | 65 | 95 | 

p-{s{-|- | -|-|-] a | - 

PON Bee) Servet | ei S fee) ee PS 
fe, ee LSS ee 


ARon switches 


All switches 
OFF 


Vss 92C$- 30269 


Fig. 11 — Quiescent current test circuit. 
Input Low 


Voltage 
Vy L: Max. 


ON switch 
see Ron 
characteristic 


oc 


Input 
Current, 
lin Max. 


I+ 
i=) 
ok 


NOTE 
MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH Vop AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss 


* Determined by minimum feasible leakage measurement for automatic testing. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C 


= 92CS- 30270 


CONDITIONS LIMITS 


Ri | Vis®| Yop 
kQ | (V) | (V) Min.| Typ. 


CHARACTERISTIC 


Fig. 12 — Input current test circuit. 


CROSSPOINTS 


Propagation Delay Time, (Switch ON) 
Signal Input to Output, tpy,. tery 


ij = S0pF ity, te= 20 ns 


ptt | s | 0 


Sine wave input , 


Frequency Response, 
(Any Switch ON) 


Vos — 


20 log 3 dB 


1S 


pit ts fo | - fos} -] «| 
or ee Ot 


Sine wave input 


Sine Wave Response, (Distortion) 


Feedthrough 
(All Switches OFF) 


Voo 


NOTE 
CLOSE SWITCH S AFTER 92CS- 3027! 
APPLYING Vop 


*Peak-to-peak voltage symmetrical about Fig. 13 — Dynamic power dissipation test circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C 


CONDITIONS LIMITS 
CHARACTERISTIC 


Ri | Vis®| Vpp 
kQ | (V) | (V) Typ. 
CROSSPOINTS (CONT'D) 


Frequency for Signal Crosstalk p= | 1 p10 | 10 
Attenuation of 40 dB 1.5 
0.1 


Attenuation of 110 dB Sine wave input de snvesaaewe 


Capacitance, Vss 
X, to Ground 18 . — 
Y, to Ground 30 Fig. 14 — OFF switch input or output leakage 
current test circuit. 
Feedthrough 0.4 


ON 
fe is 
10 kn 50 pF 


ONO aehun — 


Propagation Delay Time: 300 |600 
Strobe to Output, tpzy 125 |250 
(Switch Turn-ON to High Level) _ 80 |160 


SW ANY CROSSPOINT 
Data-In to Output, tpzy 110 STROBE = DATA-IN =Vpp 


(Turn-On to High Level) 40 


Vv 
25 Vis 080% 50% 
0 
Address to Output, tp7y 'PLH teu 


(Turn-ON to High Level) 
Propagation Delay Time: 92s - 30273 
Strobe to Output, tpy7 


Fig. 15 — Propagation delay time test circuit and 
(Switch Turn-OF F) 


waveforms (signal input to signal output, 
switch ON). 


CONTROLS 


Vis Vos 
kQ 1OkQ 


SW =ANY CROSSPOINT 


Yoo — 

0 
50 mv — 
-50 mv — 


92CM-30277 


Fig. |G— Test circuit and waveforms for crosstalk 
(control input to signal output). 


Data-In to Output, tpz,_ 
(Turn-ON to Low Level) 


Address to Output, tpyyz 
(Turn-OF F) 


ice) 
on 
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an 


- NO F- 
oO W 
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jee) 
o 


Minimum Hold Time, 
Data-In to Strobe, Address, ty 
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7"|0o= 
ho| O1 © 


Ww 
on 


Maximum Switching Frequency, fo 


Ry =1k, C, =50 pF 
tr, t¢ = 20 ns 


Minimum Strobe Pulse Width, ty 


— W 

N © 

Oo oO 

NO 

L 

=) 
pa 

n 


ON 


Control Crosstalk, 


Data-!In, Address, or Strobe to Output Square wave input 


Input Capacitance, Cypy Any Control Input 


® Peak-to-peak voltage symmetrical about V . 
iets Fig. 17 — Test circuit for crosstalk between switch 
2 circuits in the same package. 
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DATA-IN 


10% 
SW = ANY CROSSPOINT 
92CM-30274 
Fig. 18 — Propagation delay time test circuit and waveforms (strobe to signal 
output, switch Turn-ON or Turn-OFF). 
DATA IN Yop 
Voo Yoo Voo 
DATA IN 50 % DATA IN 50 % 
0 1ka 0 
‘pz teze 
V. Vv Vv Vi V, 
is os bo is os YDO — —X 90% 
Vos = Vos 
10% 50 pF 
50 pF o- “3 fc) 
SW* ANY CROSSPOINT ae ~ 
STROBE * Vp 92CM- 30275 


Fig. 19 — Propagation delay time test circuit and waveforms (data-in to signal output, 
switch Turn-ON to high or low level). 


ADDRESS «0 ADORESS=| ADDRESS 


Yo 
DATA -IN 
o- 
'PZH 
Yoo 
Vos | 
os 5 
Vv, 
SW=ANY CROSSPOINT 0D 
STROBE = Vop Vos @ 


92CM-30276 


Fig. 20 — Propagation delay time test circuit and waveforms (address to signal output, 
switch Turn-On or Turn-OFF). 
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my 
(PA 7 
SH 
! f, | 
UH 125-133 
Wi (3.175- 3.378) . — . 
wr Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
iat dicated. Grid graduations are in mils (10— 3 inch). 
UH 
Hi 
= The photographs and dimensions of each CMOS chip 
y aie represent a chip when it is part of the wafer. When the 
mA wafer is separated into individual chips, the angle of 
at cleavage may vary with respect to the chip face for 
gE AW iI different chips. The actual dimensions of the isolated 
iol il chip, therefore, may differ slightly from the nominal 
—— a dimensions shown. The user should consider a tolerance 
al —— . 


of —3 mils to +16 mils applicable to the nominal 


dimensions shown. 
LL 4-10 
(0.102-0.254) 
100 -108 


(2.540-2.743) sca Spets 


Dimensions and pad layout for CD22100H. 
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CMOS 4x 4x2 
Crosspoint Switches 


With Control Memory 


The RCA-CD22101 and CD22102 crosspoint 
switches consist of 4 x 4 x 2 arrays of cross- 
points (transmission gates), 4-line to 16-line 
decoders, and 16 latch circuits. Any one of 
the sixteen crosspoint pairs can be selected 
by applying the appropriate four-line ad- 
dress, and any number of crosspoints can be 
ON simultaneously. Corresponding cross- 
points in each array are turned on and off 
simultaneously, also. 


In the CD22101, the selected crosspoint pair 
can be turned on or off by applying a logical 
ONE or ZERO, respectively, to the data in- 
put, and applying a ONE to the strobe in- 
put. When the device is ‘‘powered up’”’, the 
states of the 16 switches are indeter- 
minate. Therefore, all switches must be 
turned off by putting the strobe high, 
data-in low, and then addressing all 
switches in succession. 


The selected pair of crosspoints in the 
CD22102 is turned on by applying a logical 
ONE to the Kg (set) input while a logical 


Features: 


@ Low ON resistance — 75 (2 typ. at 


Vpp = 12 V 


# “Built-in” latched inputs 
® Large analog signal capability — 


+ Vpp/2 


® 10 MHz switch bandwidth 
® Matched switch characteristics 


ARON = 8 & typ. at Vpp = 12 V 


mw High linearity — 0.25% distortion (typ.) at 
f= 1 kHz, Vin = 5 Vp-p, VDD — Vss = 10 V, 


and Ri = 1kQ 


@ Standard CMOS noise immunity 


ZERO is on the Kp input, and turned off by 
applying a logical ONE to the Kp (reset) 
input while a logical ZERO is on the Kg 
input. In this respect, the control latches of 
the CD22102 are similar to SET/RESET 
flip-flops. They differ, however, in that the 
simultaneous application of ONEs to the Kg 
and Kp inputs turns off (resets) all cross- 
points. All crosspoints in both devices must 
be turned off as Vpp is applied. 


The CD22101 and CD22102 types are sup- 
plied in 24-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 24-lead dual-in- 
line plastic packages (E suffix), and in chip 
form (H suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vsg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT“. 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


For Ta = —55 to +100°C (PACKAGE TYPES D,F) 

For Ta = +100 to +125°C (PACKAGE TYPES D, F) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Tap = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 


OPERATING-TEMPERATURE RANGE al 
PACKAGE TYPESD,F,H. ; 
PACKAGE TYPEE . . 

STORAGE TEMPERATURE RANGE ital 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


* Maximum current through transmission gates (switches) = 


RECOMMENDED OPERATING CONDITIONS 


—0.5 to +20 V 
—0.5 to Vpp +0.5 V 
. +10 mA 


/ ; 500 mW 

Derate Cinearix at 12 mW/°C to 200 mW 
500 mW 

Derate Lineatly at 12 mW/°C to 200 mW 


100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 
25 mA. 


For maximum reliability, nominal operating conditions should be selected so that oper- 


ation is always within the foiiowing ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 
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CONTROL IN (OUT) 


I 


DECODER 
LATCH 


| 


4x4 
SWITCH 


eee 
IN (OUT) 
92CS - 29837 


CD22101, CD22102 
Functional Diagram 


Applications: 

® Telephone systems 

= PBX 

® Studio audio switching 

@ Multisystem bus 
interconnect 


DATA 
STROBE 


TOP VIEW 
92CS-29839 


CD22101 Terminal Diagram 


TOP VIEW 
92CS~ 29840 


CD22102 Terminal Diagram 
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pa 


Kp 


cD22101 
ONLY | 
STROBE DATA SIGNALS 
OUT (IN) 
* 
A 
D 
* 
E 
S ¢ 
ADDRESS . 
bd E 
Cc R 
s 
* y!' 
D 
Y2' 
SIGNALS 
OUT (IN) 
* INPUTS PROTECTED ya! 
BY COS/MOS PROTECTION 
NETWORK 
¥4' 
SIGNALS IN (OUT) 
92CM— 29838 


Fig. 1 — Functional block diagram. 
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SSS y DETAIL OF TRANSMISSION GATES 
vss 8? DETAIL OF LATCHES Yoo IN Yoo 
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PROTECTED BY 
COS/MOS PROTECTION 
NETWORK Q 
ouT 
Yss 
Vv 
+8 92CL-33103 


Fig. 2 — Logic diagram. 
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DECODER TRUTH TABLE 


a 


ss 

A B Cc OD A B c oD 

0 0 oOo 0 X1Y¥1 & X1/Y1' 0 oOo oO 1 X1Y3 & X1'Y3' 
1 OO oO O X2Y1 & X2’Y1' 1 0 o 1 X2Y3 & X2’Y3’ 
0 1 #0 0 X3Y1 & X3’Y1’ 0 1 OO 1 X3Y3 & X3’Y3’ 
1 1 +O O X4Y1 & X4/Y1' 1 1 #O 1 X4Y3 & X4'Y3' 
0 oOo 1 1) X1Y2 & X1/Y2’ 0 oO 1 1 X1Y4 & X1'Y4 
1 oO 414 0 X2Y2 & X2’Y2’ 1 Oo 1 1 X2Y4 & X2’Y4 
0 1 1 O X3Y2 & X3' Y2’ 0 1 1 1 X3Y4 & X3’Y4 
1 1 #71 = «0 X4Y2 & X4/Y2’ 1 #14 #71 1 X4Y4 & X4' YQ’ 


CONTROL TRUTH TABLE FOR CD22101 


| Function | Address 


A B Cc OD 
a a 
No Change xXx x xX xX ae 


1 = High Level; 0 = Low Level; X = Don’t Care 


15 (X4Y4) & 
15’ (X4’ Y4’) 


CONTROL TRUTH TABLE FOR CD22102 


dress 

A B Cc OD 

1 1 1 1 15 (X44) & 
15’ (X4' Y4') 


15 (X4Y4) & 
15’ (x4/Y4’) 


1 = High Level; 0 = Low Level; X = Don’t Care 


# In the event that Kg and Kp are changed from levels 1,1 to 0,0 Kp should not be allowed to go to 0 before Kg, 
otherwise a switch which was off will inadvertently be turned on. 
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STATIC ELECTRICAL CHARACTERISTICS 

LIMITS at Indicated Temperature ( C) 

Values at —55,+25,+125,apply to D,F,H pkg 
Values at —40,+25,+85,apply to E pkg 


ke hi] vo. [Wax 


f= | 5 | 5] 5 | 150) 150} - | oo4 | 5 

| = [io [ 1of 10 | 300} 300] - | o.04 | 10} ya 

| = [15 | 20] 20 | 600} 600] - | 0.04 | 20 

| = | 20 | 100 | 100 | 3000]3000] - | 0.08 _| 100 | 

_ L= [5 [47s | s00_| 725] soo] - | 225 | 600_ 

Any Swen [= [ro [135 [145 [205] 230f - [a5 _[ ie0] 
= | = [12 roo | 110 | 155] 175] — | 75_| 135 | 

|= [is | 70} 75 | ro} 125] - | 65 | 96 | 

p-|s{-|- | -|-|-] 2 | - | 

ee een ape eS 


ance, | anytwo [Tra |= [- | -[-|-J 8 [— | 
Aon | switenes [Tis [= [= [= T= [= 8 Te 
OFF Leak 

All switches 


CHARAC- 
TERISTIC 


CROSSPOINTS 


Quiescent 
Device Cur- 


rent, lpp 
Max. 


ON Resist- 
ance 


Ron Max. 


AON Resist- | Between 


age Current OFF 
re Max. 

CONTROLS 

Input Low 

Voltage 

Vit Max. 


OFF switch 
I <0.2 A; 


ON switch 
see Ron 
characteristic 


Input High 
Voltage, 
Vit Min. 


Input 
Current, 
iN Max. 


Any control +0.1 | +0.1 +1} +1 


* Determined by minimum feasible leakage measurement for automatic testing. 


AMBIENT TEMPERATURE (Ta) =25°CH 
SUPPLY VOLTAGE (Vpp)= 10 V 


sedssuotacratatssasrasaaza 


SUPPLY VOLTAGE (Vpp) = +2.5 V4 
(Vgs) = 2. 5 Vv | 
a 


ON) — 


Het 
OUTPUT VOLTAGE (Vos)—V 


a 
wW 
oO 
2 
< 
= 
” 
7] 
WwW 
i 
z 
o 
= 

=x 
oO 
Lad 
Fa 


INPUT SIGNAL (Vis) —V 5 o.)|(U 4 6 68 10 
ee INPUT VOLTAGE (Vjg)—V gavszsnees 
Fig. 6 — Typical ON resistance as a function of Fig. 7 — Typical switch ON transfer characteristics 


input signal voltage at T , = 25°C. (1 of 16 switches). 
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a 
1 
é 
w 
o 
z 
= 
a 
nw 
Ww 
« 
= 
z 
3S 
z 
x 
s 
= 
n” 


C) 
INPUT SIGNAL (Vig )—V 
92CS-31628 
Fig. 3 — Typical ON resistance as a function of 
input signal voltage at Vpp = —Vss= 
25 V. 


SUPPLY VOLTAGE Hort nulla Vss = 
aeeeass seeeee 


SWITCH"ON" RESISTANCE (Roy) — 2 


) 
INPUT SIGNAL (Vig )—V 
92CS- 31630 
Fig. 4— Typical ON resistance as a function of 
input signal voltage at Vnp = —Vss* 
5 V. 


TOOT SUPPLY VOLTAGE (Vpp) =+7.5V; Vsg*-7-5¥ EH 


; MBIENT TEMPERATURE (Ta) = 125°C 


a | 


SWITCH “ON" RESISTANCE (Ron) — 2 


: rH 
0 HHH 4 
-0 -@ -6 -4 -2 0 2 4 6 8 10 
INPUT SIGNAL (Vis)— V 92CS- 31629 
Fig. 5 — Typical ON resistance as a function of 
input signal voltage at Vnp = —Vsgg= 
7.5 V. 


AMBIENT TEMPERATURE (Ta )= 25°C 
SUPPLY VOLTAGE : Vpp= +5, Vsg=- 5V 
INPUT SIGNAL VOLTAGE (Vig )* 5 V p-p 

| SINE WAVE (1.77 V RMS) 
DATA-IN VOLTAGE (VpaTa-in) =+5V 
LOAD CAPACITANCE (C.)=15 pF 


ee 


2| LOAD RESISTANCE 
La IMQ 


Cigg* 0.4 pF 


| ea 


| Vgg (RMS) 


RF VOLTMETER 
\ open a RADIO 
| open 91-CA 
OR EQUIV. 


OUTPUT SIGNAL (V,,)- RMS VOLTS 


10 10 105 10® 
INPUT SIGNAL FREQUENY (fjg)— kHz 92Cs-30266 
Fig. 8 — Typical switch ON frequency response 

characteristics. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C 


CONDITIONS 
CHARACTERISTIC 


CROSSPOINTS 


Propagation Delay Time, (Switch ON) 
Signal Input to Output, tpy), tery 
Cy = SOpF;t,, ts= 20 ns 
Frequency Response, 
(Any Switch ON) 


Frequency for Signal Crosstalk 
Attenuation of 40 dB 


Attenuation of 95 dB (See Fig. 23) 
Capacitance, 

X, to Ground 

Y, to Ground 

Feedthrough 


CONTROLS 


to High Level or Low Level, tp7}, tpZL 
Strobe to Output, CD22101 


Data-In to Output, CD22101 
K, to Output, CD22102 


Address to Output, 
CD22101, CD22102 


Propagation Delay Time, High Level or 


Low Level to High Impedance, tpy47, tp_7 
Strobe to Output, CD22101 


Kp to Output, CD22102 


Data-In to Output, CD22101 


K,° Kp to Output, CD22102 


® Peak-to-peak voltage symmetrical about Vpop unless otherwise specified. 


2 


LIMITS 


Ri | Vis®| Yop 
kQ | (Vv) | (Vv) Typ. 


CD22101, CD22102 Types 


~140) AMBIENT TEMPERATURE (Ta )= 25°C 
SOURCE RESISTANCE (Rg) =600 2 

-120| LOAD RESISTANCE (R,)=600 2 
INPUT SIGNAL ( Vjg)= | V RMS 


[+] 
a=] 
|= 
_- 
Ya 
o}-=— 
>|> 


' 
@Q 
°o 


CROSSTALK (20L0G 


103 ro4 
g2CS- 31631 
Fig. 9 — Typical crosstalk between switches as a 


function of signal frequency. 


AMBIENT TEMPERATURE (Ta)= 25°C 
SOURCE RESISTANCE (Rg) = 600 2 
LOAD RESISTANCE (R,). = 600 2 


+75 V,-75V, 3V RMS 
+5V,-5V, 2VRMS 


102 
INPUT SIGNAL FREQUENCY (fis) - kHz 


Vop = +2.5 Vv, Vgg?-2.5 v 
VigslV RMS 


0.1 | 10 102 


INPUT SIGNAL FREQUENCY (f|s) - kHz 92CS-31626 


Fig. 10 — Typical feedthrough, any OFF switch as 
a function of frequency. 


=e 
10°8| AMBIENT TEMPERATURE (Ta )=25°C {| | 


te) 
sw a 


2 ae 


oy, 


n 


2Oo 


nN 


POWER DISSIPATION PER PACKAGE (Pp )—ypW 


Nn 
> 
oP 
@ 
nn 
> 
Nn 


8 2 
| te) 102 
SWITCHING FREQUENCY (f,)—kHz 


° 


92CS- 30268 


Fig. 11 — Typical dynamic power dissipation as a 
function of switching frequency for 
CD22101. 


92CS-31627 


Fig. 12 — Quiescent current test circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C (cont'd) Yop 


Yoo 
CONDITIONS LIMITS “o{1)}> 
CHARACTERISTIC ‘ Ves 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH Vpp AND Vgg 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yop OR Vss 


Ri 
kQ 


CONTROLS (cont'd) 


Address to Output, 
CD22101, CD22102 


Minimum Strobe Pulse Width tw 
CD22101 


UNITS 
Vpop 
(Vv) Typ. 


| 
2 
3 
4 
5 
6 
7 
8 
9 


= Vss 92CS ~- 31632 


Fig. 13 — Input current test circuit. 


Address to Strobe Setup or Hold Times, 
tsy, th, CD22101 


Strobe to Data-In Hold Time, 
Time, thH L: th LH: CD22101 


Address to K, and K,, Setup or Hold Times, 
tsy, ty, CD22102 


Minimum Ka°Kp Pulse Width, ty 
CD22102 


Minimum Ks Pulse Width, tw 
CD22102 


Minimum Kb Pulse Width, tw 
CD22102 


5 
10 90 
15 


Control Crosstalk, 
Data-In, Address, or Strobe 
to Output, 


Square wave 
input = 5 V, 


21 


NOTE . 
CLOSE SWITCH S AFTER APPLYING Vop 


mi 
“SOI~N 
oO 


92CS- 31654 
t,,tf=20 ns, Fig. 14 — Dynamic power dissipation test circuit 
Re=1kQ for CD22101. 
1 
- Vv 
3 OD 
4 ss Vi, 50% 50% 
_* 6 
7 cb22102 Vis os ; 
PLH t 
8 
10 ka hed Yeo one 
7 ws 50% 50% 
12 1 0 
- 92CS- 30273 
SwW= ANY CROSSPOINT 
Vee 92CS-316 33 STROBE = DATA-IN ®*Vpp 
Fig. 15 — OFF switch input or output leakage Fig. 16 — Propagation delay time test circuit and wave- 
current test circuit (16 of 32 forms (signal input to signal output, 
switches). switch ON). 
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DATA-IN 
STROBE 
Yop 
Vis 
1kQ 
aa 10% 
SW = ANY CROSSPOINT 
92CM-30274 
Fig. 17 — Propagation delay time test circuit and waveforms (strobe to signal 
output, switch Turn-ON or Turn-OFF). 
DATA IN Vv DD 
Vop Voo Voo 
DATA IN 50% DATA IN 50 % 
0 1kn 
fe] 
y "PzH Pz 
Vv 
is 08 Yoo Vis Vos *0o-= 90% 
Vos 10 = 50 Vos 
50 pF o— * 7 ll 0 
SW=ANY CROSSPOINT + ~ 
STROBE = Vop 92CM- 30275 


Fig. 18 — Propagation delay time test circuit and waveforms (data-in to signal output, 
switch Turn-ON to high or low level). 


ADDRESS=0 ADDRESS=! 


Yoo 


1kQ 50 pF kA 


+ a “pp ———-I)N 
SW=ANY CROSSPOINT Vos 2 
STROBE = Vop fe) 92CM-30276 


Fig. 19 — Propagation delay time test circuit and waveforms (address to signal output, 
switch turn-ON or Turn-OFF). 


STROBE 


STROBE 
ADDRESS swowe(\___{\___J )__ 
adeealiendaae == lps | ps lps 
OUTPUTOF SWITCH ———~ 
ADDRESSED Y2 


NOTE: 
NOTE: 
IF SETUP AND HOLD TIMES PROVIDED ARE TOO SHORT OFF INITIALLY. APPLY V 
AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF Se en cious AND RETURN ALL Y OUTPUTS TO 
SIMULTANEOUSLY WITH THE ADDRESSED SWITCH. Vgg THROUGH IK. ADDRESS XIY2 (ABCD) WITH fi y= !OkHz 
92CS-31634 92CS-31635 
Fig. 20 — Address to strobe setup and hold times. Fig. 21 — Strobe to Data-In hold time ty, for CD22101. 
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CONTROLS 


X(N) Y(N) 


1kQ 1OkQ 


SW =ANY CROSSPOINT 


Vop —— 
CONTROL 
fe) 


92CM-30277RI 


Fig. 22 — Test circuit and waveforms for crosstalk (contro! input to signal output). 


ON 
Vv: 
OFF 
600n 600 2 
V 
os 
- 600 2 6002 


SWzANY CROSSPOINT 92CS- 31657 


Fig. 23 — Test circuit for crosstalk between switch 
circuits in the same package. 


0 


7 4-10 
(0. 102-0.254) 
153 — 161 
(3.887- 4.089) 


92CS- 31659 


Dimensions and pad layout for CD22101H. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10-3 
inch). 
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ANY 
OFF 
SWITCH 


Vos 
ISOLATION (dB)= 20 LOG Ty 
is 


92CS- 31658 


Fig. 24 — Test circuit for feedthrough 
(any OFF switch). 


(= tele aes 


| 


Pig: loo 6. 254) 
153-161 
(3-887- 4.089) 


92CS-31660 


Dimensions and pad layout for CD22102H. 


The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is separated into individual 
chips, the angle of cleavage may vary with 
respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown. 


tt 154-162 
me (3.912-4.114) 


Preliminary Data 


CMOS HDBS3 (High Density Bipolar 3) 
Transcoder for 2.048/8.448 Mb/s 


Transmission Applications 


Features: 


» HDB3 coding and decoding for data rates from 50 Kb/s to 10 Mb/s ina 
manner consistent with CCITT G703 recommendations. 
® HDB3/AMI transmission coding/reception decoding with code error 
detection is performed in independent coder and decoder sections. 
All transmitter and receiver inputs/outputs are TTL compatible. 


Internal Loop Test capability. 


The RCA CD22103 is an LSI SOS integrated circuit which 
performs the HDB3 transmission coding and reception 
decoding functions with error detection. It is used in 2.048 
and 8.448 Mb/s transmission applications. The CD22103 
performs HDB3 coding and decoding for data rates from 50 
Kb/s to 10 Mb/s in a manner consistent with CCITT G703 
recommendations. 


HDB3 transmission coding/reception decoding with code 
error detection is performed in independent code and 
decoder sections. All transmitter and receiver inputs/outputs 
are TTL compatible. 

HOB3/AM1 


NRZ-—IN 


*+HDB3 IN 


~HDB3 IN 


CRX 


wD 
o 


CTX TRANSMITTER 
CODER 


[) > exe 


CD22103 Types 


| 

2 
3 
4 
5 
6 
7 
8 


92CS- 33990RI 


Terminal Assignment 


The HDB3 transmitter coder codes are NRZ binary unipolar 
input signal (NRZ-In) and a synchronous transmission 
clock (CTX) into two HDB3 binary unipolar RZ output 
signals (+*HDB3 OUT, -HDB3 OUT). The TTL compatible 
output signals +HDB3 OUT, -HDB3 OUT are externally 
mixed to generate ternary bipolar HDB3 signals for driving 
transmission lines. 


HDB3 reception decoding is performed on ternary bipolar 
HBD3 signals which have been externally split to provide 
binary unipolar receiver input signals, (+HDB3 IN, -HDB3 
IN), and a synchronous receiver clock signal, (CRX) into 
binary unipolar NRZ signals (NRZ - Out). 


tHDB3 OUT 


> HDB3 OUT 


RECEIVER 


NRZ -— OUT 


Ty ERROR 
DETECT ERR 


AIS 
DETECT AIS 


92CS — 33991RI 


Fig. 1 - Block diagram of the CD22103. 
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Received signals not consistent with HDB3 coding rules are 
detected as errors. The receiver error output (ERR) is active 
high during one CRX period of each bit of received data 
which is inconsistent with HDB3 coding rules. 


An input string consisting of all ones (or marks) is detected 
and signaled by a high level at the Alarm Signal (AIS) 
output. The AIS output is set to a high level when less than 
three zeros are received during two consecutive periods of 
the Reset Alarm Inhibit Signal (RAIS). The AlS output is 
subsequently reset to a low level when three or more zeros 
are received during two periods of the reset signal (RAIS). 


A diagnostic Loop-Test Mode may be entered by driving the 
Loop Test Enable Input (LTE) high. In this mode the HDB3 
transmitter outputs (*HDB3 OUT, -HDB3 OUT) are 
internally connected to the HDB3 receiver inputs, and the 
external HDB3 receiving inputs (+*HDB3 IN, -HDB3 IN) are 
disabled. The NRZ binary output signal (NRZ - Out) 
corresponds to the NRZ binary input signal (NRZ - In) 
delayed by approximately 8 clock periods. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (VpbD) 


(Voltages referenced to VSS Terminal)............. 0c cee cece eee 
INPUT VOLTAGE RANGE, ALL INPUTS is ccscdvsccveccas caseces 
DC INPUT CURRENT. ANY ONE INPUT g.cecdeancsteedeecsovanss 


POWER DISSIPATION PER PACKAGE (Pb) 


For TA = =40 to + 60°C (PACKAGE TYPE E) si devavisscecsaxanes 
For TA = +60 to +85°C (PACKAGE TYPE E) si 508 as0css0¢ea0e% 
For TA ==99 to + 100°C (PACKAGE TYPED) «sssicosccdneccacns 
For TA = + 100 to + 125°C (PACKAGE TYPED) e:siseevecevaxaks 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


a re a ee ee 


eee eo ee ewe ewe eee er ewe e eee eee rere eee eer eee ee eee eee ereeve 


coco woe eee ene ee eee eee eee eee eee eer eee eee ee eee eee ee ee reese eeee 


me ee ee ee SD 


eee eee er eee eee ee ee eee ere eee eee 


ee ee ee ee ee 


Ce 


The Clock Receiver Output (CKR) is the product of the two 
HDB3 input signals or-ed together. The CRX clock signal 
may be derived from the CKR signal with external clock 
extraction circuitry. Inthe Loop Test Mode (LTE= 1) CKRis 
the product of the +HDB3 OUT and -HDB3 OUT signals 
or-ed together. 


The CD22103 may also be used to perform the AMI to NRZ 
coding/decoding function. To use the CD22103 in this 
mode, the HDB3/AMI control input is driven low. 


The RCA CD22103 operates with a5 V power supply voltage 
over the full military temperature range at data rates from 50 
Kb/s up to 10 Mb/s. 


The RCA CD22103 is similar in function and pin 
configuration to type MJ1471. 


The CD22103 types are supplied in 16-lead hermetic dual- 
in-line ceramic packages (D suffix), 16-lead dual-in-line 
plastic packages (E suffix), and in chip form (H suffix). 


For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...........cccsccccscccsccercsscescesesssecsscecens 100 mW 


OPERATING-TEMPERATURE RANGE (TA) 


PACKAGE TYPES D,H .........cccccccccccceccccccceececcenes 
PACKAGE TYPE E .....ccccccccccccsccccccervceccveveseeuees 
STORAGE TEMPERATURE RANGE (Tstg) ........00eeeeeeeeeeees 


LEAD TEMPERATURE (DURING SOLDERING): 


oe eer eee eee re eee eee eee eee er eer eer eee reese eee eee eee eeeeeee 


eee eee ewe weer ee reer eee reese eee eee eee eee eee eee eee eee eevee 


Pe at ae ee eee eT eS J J 


Al distance 1/16 + 1/42 inch (1,59 = 6.79 mm) trom Case for 10S MAK... ci.4c6s5 ies dcwsWads dade dade e sase evans ww Ee Heese cues + 265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operating Is always within the 


following ranges: 


CHARACTERISTIC 


LIMITS 


DC Supply Voltage Range 
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+10mA 


500 mW 


CD22103 Types 
STATIC ELECTRICAL CHARACTERISTICS 


LIMITS 


CHARACTERISTIC SYMBOL / min. | Typ. | Max. UNITS 

| Quiescent Device Current =| StS | — “| — | 100 | A 
Operating Device Current fc. = 10 MHz es eae 
HDB3 Output Low (Sink) Current (VoL = 0.5 V) roe | 
LO ee 


mA 


TinputtowGurent SCT ST dP 
[inputHighCurent Tm | = TT | 


Input Capacitance p= |= 4s | 


DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA range of -40°C to 85°C for plastic package 
-55°C to 125°C for ceramic package 
VDD range of 4.5Vto5.5V 
Ci = 15 pF 


LIMITS 


CHARACTERISTIC SYMBOL min. | Typ. | Max. UNITS 
INPUT 


oTx GAN input Frequency ——SS~“~*~“~*~*~‘“~*~*~drC ome Ys | tO 


CTX, CRX Input Rise Time * trcl 1 Us 
Fall Time * tfcl 1 Us 


NRZ-IN to CTX 


Data Setup Time * 
Data Hold Time * 
HDB3 IN to CRX 
Data Setup Time § 
Data Hold Time * 


CRX to CKR 
CRX = 8.448 MHz 


Pretrigger ° 
Delay 


* See Fig. 4 § See Fig. 5 ° See Fig. 6 
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DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA range of -40°C to 85°C for plastic package 
-55° C to 125°C for ceramic package 
VDD range of 4.5 V to 5.5 V 
Ci = 15 pF 


LIMITS 
CHARACTERISTIC SYMBOL 


OUTPUT 


Transmitter Coder 
CTX to HDB3 OUT: 
Data Propagation Delay Time * 
Handling Delay Time 
HDB3 OUT Output Pulse Width * 
(Clock duty cycle = 50%) 
fCL = 2.048 MHz 
fCL = 8.448 MHz 
Receiver Decoder 
CRX to NRZ OUT: 
Data Propagation Delay Times § 
Handling Delay Time # 


HDB3 IN to CKR 


HDB3 Propagation Delay Time tf 
LTE =0 tiN CKR 
LTE=1 


§ See Fig. 5 * See Fig. 4 t+ See Fig. 2 # See Fig. 3 
TRANSCODER OPERATION 
Transmitter Coder (See Fig. 2) 


ns 
clock period 


ns 
clock period 


HDB3/AMI coding is performed on the 4 bit string, and 


The HDB3/AMI transmitter coder operates on 4 bit serial HDB3/AMI binary output data is clocked out to the (+ HDB3 
strings of NRZ binary data and a synchronous transmitter OUT, -HDB3 OUT) outputs on the positive transition of the 
clock (CTX). NRZ binary data is serially clocked into the transmitter clock (CTX) 4 clock puises after the data 


transmitter on the negative transition of the (CTX) clock. appeared at the (NRZ-In) input. 
HANDLING DELAY 


CTX 


NRZ-IN 


HDB 3 
CODED 


EXTERNALLY GENERATED 


TERNERY HOB3 Jt —— Ju ere 


AMI 
CODED 


EXTERNALLY GENERATED 


92CS -33992 


Fig. 2 - Transmitter coder operation timing waveforms - NRZ to HDB3/AMI coding. 
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of the (CRX) clock. HDB3/AMI decoding is performed on 
The HDB3/AMI receiver decoder operates on 4 bit serial the 4 bit string, and NRZ binary output data is clocked out to 
strings of binary coded HDB3/AMI signals, and a the (NRZ-OUT) output on the positive transition of the 
synchronous receiver clock (CRX), HDB3/AMI binary data receiver clock (CRX) 4 clock pulses after the data appeared 
is serially clocked into the receiver on the positive transition at the (+ HDB3 IN, -HDB3 IN) inputs. 


HDB3 RECEIVED 
SIGNAL Jt, -__ Ji Jur—_J—_ 

EXTERNALLY 

SPLIT 
a | ne | en | Cea een meeee eee 
Le hi are! | ern i le a i Meee 9 Meee 


Recelver Decoder (See Fig. 3) 


CRX EXTERNALLY 

GENERATED 
HANDLING DELAY 

NRZ— OUT 


92CS-— 33989 


Fig. 3 - Receiver decoder operation timing waveforms - HDB3 to NRZ decoding. 


NRZ-—IN 


— 


92CS— 33993RI 


Fig. 4 - Transmitter coder timing waveforms. 


toCL 


a 


+ HDB3 IN 
—HDB3 IN 


CKR 7 


(tas 


92CS-33994RI 


Fig. 5 - Receiver decoder timing waveforms. 
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C 
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92CS- 36666 


Fig. 6 - CRX Reconstruction Requirements. 


CRX 


+HDB3 IN 


~HDB3 IN 


ERR j | f | f | 


92CS - 33995 


Fig. 7 - Receiver error-signals timing waveforms. 


Definition of HDB3 Code Used In CD22103 HDB3 Transcoder (As Per CCITT G703 Annex 


Recommendations) and Error Detection 


Coding of a binary signal into an HDB3 signal is done 
according to the following rules: 


1. HDB3 signal is pseudoternary; the three states are 
denoted B+, B-, and 0. 


2. Spaces in the binary signal are coded as spaces in the 
HDB3 signal. For strings of four spaces, however, special 
rules apply (See Item 4 below). 


3. Marks in the binary signal are coded alternately as Bt 
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and B-in the HDB3 signal (alternate mark inversion). 
Violations of the rule of alternate mark inversion are 
introduced when coding strings of four spaces (See Item 
4 below). 


4. Strings of four spaces in the binary signal are coded 
according to the following rules: 


A) The first space of a string is coded as a space if the 
polarity of the preceding mark of the HDB3 signal has 
a polarity opposite to the preceding violation and is 
nota violation by itself; itis coded as a mark, i.e., nota 
violation (i.e., B+ or B-), if the preceding mark of the 
HDB3 signal has the same polarity as that of the 
preceding violation or is by itself a violation. 


This rule ensures that successive violations are of 
alternate polarity so that no dc component is 
introduced. 


The second and third spaces of a string are always 
coded as spaces. 


B 


— 


C) The last space of a string of fouris always coded asa 
mark, the polarity of which is such that it violates the 
rule of alternate mark inversion. Such violations are 


denoted V+ or V- according to their polarity. 


— 


The CD22103 is designed to code and decode HDB3 signals 
which are coded as binary digital signals (NRZ-In) and (+ 
HDB3 IN, -HDB3 IN), accompanied by sampling clocks 
(CTX) and (CRX). The two binary coded HDB3 outputs, (+ 
HDB3 OUT, -HDB3 OUT) may be externally mixed to create 
the ternary HDB3 signals (See Fig. 2). 


The two binary HDB3 input signals have been split from the 
input ternary HDB3 in an external line receiver. 


Error Detection 


Received HDB3/AMI binary input signals are checked for 
coding violations, and an error signal (ERR) is generated as 
described below. 


HDB3 Signals HDB3/AMI = High 


The error signal (ERR) is flagged high for one CTX period if 
a violation pulse (+V) is received of the same polarity as the 
last received violation pulse. 


A violation pulse (+V) is considered a reception error and 
does not cause replacement of the last string of 4 bits to 
zeros, if: 


The received 4 data bits previous to reception of the 
violation pulse have not been the sequence BX00 (where X = 
don’t care). The error signal (ERR) remains low. 


NOTES: 


The data sequences BOOOV and BBOOV are valid HDB3 
codings of the NRZ binary sequence 10000. 


The error signal (ERR) count, is the accurate number of all 
single bit errors. 


AMI Signals HDB3/AMI = Low 


A coding error (ERR) is signaled when a violation pulse (+V) 
is received. 


In elther the HDB3 or AMI mode: 

When high levels appear simultaneously on both HDB3 
inputs (+ HDOB3 IN, -HDB3 IN) a logical one is assumed in 
the HDB3/AMI input stream and the error signal (ERR) goes 
high. 


CD22103 Types 


Alarm Inhibit Signal 


The alarm output (AIS) is set high if in two successive 
periods of the external Reset Alarm Signal, (RAIS), less 
than three zeros are received. 


The alarm output (AIS) is reset low when three or more 
zeros are received during two reset alarm signal periods. 
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CD22104, CD22104A 


Preliminary Data 


CMOS Four-Digit LCD 


Decoder-Drivers 


6-V Rating 

Features 

ws 6-V supply-voltage rating 

= No external components necessary 

# 4-digit segment drive capability 

» Backplane input/output allows 
synchronization for cascading 


Applications 

# Digital meters and calculators 
= General-purpose displays 

= Wall and table clocks 

# Automobile dashboard displays 
# Appliance control panels 


devices to drive more digits 

= Decodes multiplexed binary to 
hexadecimal (CD22104) and decimal 
(CD22104A) outputs 


The RCA-CD22104 types are non-multiplexed, four-digit, 
seven-segment, liquid-crystal display decoder-drivers. 


The CD22104 types contain all the circuitry necessary to 
drive conventional LCD displays (no external components 
required). Outputs are four sets of seven-segment driver 
signals and a backplane driver signal. The backplane 
signal, derived from an on-board free-running oscillator, is 
common to all four-digit displays. 


The backplane and segment drives are designed so that p 
and n channels have the same ON resistances and thus 
equal rise and fall times. This equality eliminates any DC 
component, thereby maximizing display life. In addition to 
feeding the internal display drivers, the backplane signal 
can also be used as a master to drive a number of slave 
devices. The number of slaved devices should be limited to 
the load that keeps the backplane rise and fall times from 
exceeding 5 us. If this limit is to be exceeded, the master 
backplane drivers should be disabled (by connecting pin 
36, the oscillator input, to Vss) and pin 5 should be fed from 
an external oscillator and all devices slaved to it. The 
maximum frequency of the external signal should be 125 
Hz at room temperatures. 


The on-board oscillator, which operates at 16 kHz when 
free-running (pin 36 floating), provides a backplane signal 
whose frequency is approximately 125 Hz. This frequency 
can be reduced by connecting an external capacitor to pin 
36. Plots of backplane frequency vs. supply voltage at 
various values of external capacitance are shown in Fig. 3. 
The oscillator may be overdriven by an external signal but 
care must be taken to keep the lower voltage level above Vss 
by at least 20 per cent of Vop (for Vop=5 V the signal should 
oscillate between +1 and +5 volts). This precaution prevents 
the backplane driver from being disabled, a condition that 
would present aDC component to the LCD display. A signal 
swinging from rail-to-rail can also be used to overdrive the 
oscillator but in this case the duty cycle should be such that 
the lower portion of the signal must be less than one- 
microsecond duration (the backplane disable sensing circuit 
will not respond to signals of this duration). 
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“E” Suffix 


There are four data inputs and four digit-select inputs. The 
four-bit binary input is decoded by means of a PROM into 
seven-segment hexadecimal outputs for the CD22104 and 
into decimal seven-segment display outputs for the 
CD22104A. These devices are pin-compatible with the 
Intersil |CM7211IPL and ICM7211AIPL, respectively. 


The CD22104 types are supplied in the 40-lead dual-in-line 
plastic (E suffix) package. 


Vop | 
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OUTPUTS 4 
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D4 SEGM 
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CD22104, CD22104A 
Terminal Assignment 


CD22104, CD22104A 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(VONBGSS (EISIENCEC 16: Vee TOON) «ke oe dynG ncaa wa) 15.954605 RFE PCEEI EG 600400 E Ed EK Es EERE OO OR CECT TOE REET ROR ED -0.3 to +6.5 V 
INAS? VOLIAGE RANGE. ALL INPUTS socgueceaess roo dots sees Ki4e 4 68W eu hag bos he donk cee ha tenn ewes cave se ween Ge -0.3 to Voo +0.3 V 
BG INP OT CURMENT, BIN GWE INP. shan cht eecrtcndanereaondedemeresee else rede bien diendien cies ebvorieotsnesceokedeanend +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

UE ee 8 kaa: tg OR eee ee ee ey ee er eee ee ere Ser eee rer re rrr er err. er rrr rr eT rrr errr er rT Creer 500 mW 

Ol Tarr ee CEO 6 oa ates ae Sy Oe 8 edo 4 Cus bekS oS AESETES HERKEN SR DOSES EER EO HRI ERASE TEES A845 Derate Linearly at 12 mW/°C to 380 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

POR Teer PACKAGE-TEMPERATURE FANGS o6 oc obo ccee2 eon 05s eal sraewed ene eae 0 Cs 4 ORES SD Ors hae Se ewe eee eadaen aus 100 mW 
OPA NG Ar Oe FAN Ge (Alt iivcs 68 Grek bes sacnie da daawenreenewenen sehen deeb ee1seNssageee te ne aneeuneaeds -20 to +70°C 
STORAGE TEMPERATURE RANGE (lie) 06 ccce ecco nse vies cases ed uneswawerensonsew ee danenassdéb$ be Cesare da eusawess -55 to +125°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At cistande 1716 3 1/32 In (1.59 = 079 Mm) HOM CASETOC TOS INGX, eweeswcenawsn ce onndev o¥ odde ees d 4099-40046004 neN ewes tex +265°C 


*Pin 36 limited to +5 mA. 


STATIC ELECTRICAL CHARACTERISTICS 
Ta=25°C, Voo=5 V, Vss=0 V 


LIMITS 
CHARACTERISTIC SYMBOL CONDITIONS MIN. | TYP. | MAX. UNITS 


Operating Supply Voltage Range | Veo | _'Ve=0v.~—S=~dYs« 8 | 8 | 6 
Operating Current __——=—=~S—S*wdSCidp ~*dYSCSCés lay Operating | — | 10 | 60 | oA 
[Oscillator Input Current ——~—S~w Cito dow «dC GSSCSCSC~‘“rtSC‘“ S*d;SC(‘a YT 
[Segment Rise andFall Time —*4| tata | = 200pF Sid ~d OS | — | ns 
Backplane Rise and Fall Time | tate |G. =6000pF_——=+|~ — | 15 | — | «2 
[Oscillator Frequency ———~=S~wCSCioac~~S*dY SSS SO Floating | — | 16 | — | kHz 
Backplane Frequency ——~—~S~S~dYCS*~‘a ~S*dSCSCSC*é in GH Floating | — | 128 | — | He 
‘inputHigh Voltage —S~=~SsS~—<~sSSSme dT SSC~—<C—SS S| | YC 
‘input LowVoltage——SSSOS—~—S—S Ss SSCs dE dt 
input Leakage Current. ——S~*~iSSCiSSC*dCSC*C~*~‘é mT SCSC*SCSC*dtC || 
input Capacitance [cin a7-aa Sd dT) dO 
Backplane Input Leakage ———~—S*dYCSCdiem) | Pin Swith Pin 36@Ves_| — | 2007] 21 | uA 
[Backplane Input Capacitance ——~+(| Cun] ——SsSCSs=—CSS + 20 «| S's 


DYNAMIC ELECTRICAL CHARACTERISTICS 
Ta=25°C, Voo=5 V, Vss=0 V 


CHARACTERISTIC SYMBOL CONDITIONS 
VALUES 
Digit-Select Active Pulse Width See Timing Diagram | 05 


Data Setup Time | te See Timing Diagram | 250 


Data Hold Time See Timing Diagram 
Inter-Digit Select Time See Timing Diagram 
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CD22104, CD22104A 


01 
SEGMENT 
OUTPUTS 


D2 
SEGMENT 
OUTPUTS 


03 
SEGMENT 
OUTPUTS 


D4 
SEGMENT 
OUTPUTS 


| aed 
2 2 % we 
> — 
os 458 
ase Ss Z 
Zaow Ca 5 
ae <> ca © 
: as | O= . 2 ne 
rs} 3 SH © 
a N " Cc ~ 
a z m " OGc 
oO e — 
a gg Ss 
i: a - ett 
sa) wi [Ts 7 Ov is 8 =S8 
e| "se | | |8 Za 0 : sas 
o| 2 a ie a> == = ase 
a a =| S28 
| a s gos 
(Pinon 2 een ses : 383 
a | g358 
7 | Cosco < : 8 § 
Ts} wu COIS CO 3 is | 
aa "$2 Te x eH © 
SHEER i EEE : 
t = i 4 w 
Re) 
© e 
w 
Sa 3S 
en be = 
2 3 Ee Ve Leth de a 5 
a i a es ee x 2 O 
eg) we COS Coc Se : 
E esiiets all) | 
re) o > O=w > 
rf i ° £ . c 
i? x 9S 
| ee eee : , 3 
“| ee | aera a a : = 
“| ma VE a se | ~ ae = ° © 
S| > Bitte 22 S % 
=) Ww azQreo = D> hes 
S| 8 | S| TT CO ENS wy 2 . c 
oa 5 | 
a] oa ed = £ 3 
ro) t w Do 
| = | SEEsESSeeeeeeeesee 2 £% 
- ~ & 
re) [= 
> o O 
Q > 
a om 
a ~>@aQ 
° Fs a 
2 aa 
~ 
Sfalalal — aielelm| f ° 
N 
so Eb gb 3 " 
ae 54a Eo ¥7- (7) (AVTdSIG ONIAING) LNSYYND ONILVY3dO w 
z o. a 
inmost 4 , 2 
* * 2 
* 


658 


CD22104, CD22104A 
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Fig. 4 - CD22104, CD22104A timing diagram. 
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Fig. 5 - Test circuit. 
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CD22104, CD22104A 


Table | — Output Codes DIGIT SELECTION TRUTH TABLE 


D22104A 


Binary Input 


DISPLAY SEGMENTS 
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oe ae 
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Fig. 6 - Display waveforms. 
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CMOS Four-Digit LCD 


Decoder-Drivers 
6-V Rating 


Features 

# 6-V supply-voltage rating 

® No external components necessary 

a 4-digit segment drive capability 

# Backplane input/output allows 
synchronization for cascading 
devices to drive more digits 

= Direct microprocessor interface 


Preliminary Data CD22105, CD22105A 


Applications 

s Microprocessor-controlled digital 
meters and calculators 

® General-purpose displays 

# Microprocessor-controlled auto- 
motive dashboard displays 

s» Microprocessor appliance control 
panels 


# Decodes binary into hexadecimal 
(CD22105) and decimal (CD22105A) 
outputs 


The RCA-CD22105 types are non-multiplexed, four-digit, 
seven-segment, liquid-crystal display decoder-drivers. 


The CD22105 types contain all the circuitry necessary to 
drive conventional liquid-crystal displays (no external 
components required). Outputs are four sets of seven- 
segment driver signals and a backplane driver signal. The 
backplane signal, derived from an on-board free-running 
oscillator, is common to all four-digit displays. 


The backplane and segment drives are designed so that p 
and n channels have the same ON resistances and thus 
equal rise and fall times. This equality eliminates any DC 
component, thereby maximizing display life. In addition to 
feeding the internal display drivers, the backplane signal 
can also be used as a master to drive a number of slave 
devices. The number of slaved devices should be limited to 
the load that keeps the backplane rise and fall times from 
exceeding 5 ws. If this limit is to be exceeded, the master 
backplane drivers should be disabled (by connecting pin 
36, the oscillator input, to Vss) and pin 5 should be fed from 
an external oscillator and all devices slaved to it. The 
maximum frequency of the external signal should be 125 
Hz at room temperatures. 


The on-board oscillator, which operates at 16 kHz when 
free-running (pin 36 floating), provides a backplane signal 
whose frequency is approximately 125 Hz. This frequency 
can be reduced by connecting an external capacitor to pin 
36. Plots of backplane frequency vs. supply voltage at 
various values of external capacitance are shown in Fig. 3. 
The oscillator may be overdriven by an external signal but 
care must be taken to keep the lower voltage level above Vss 
by at least 20 per cent of Vopo (for Von=5 V the signal should 
oscillate between +1 and +5 volts). This precaution prevents 
the backplane driver from being disabled, a condition that 
would present aDC componentto the LCD display. A signal 
swinging from rail-to-rail can also be used to overdrive the 
oscillator but in this case the duty cycle should be such that 
the lower portion of the signal must be less than one- 
microsecond duration (the backplane disable sensing circuit 
will not respond to signals of this duration). 


¢ 


“E” Suffix 


A four-bit data-input latch and a two-bit select-code latch 
under the control of two chip-select inputs permit interfacing 
with a microprocessor. This device simplifies designing a 
seven-segment display into a microprocessor system, 
without requiring extensive ROM or CPU time for decoding 
and display updating. The four-bit binary input is decoded 
by means of a PROM into a seven-segment hexadecimal 
output for the CD22105 type and into a decimal display for 
the CD22105A type. These types are pin-compatible with 
the Intersil |CM7211MIPL andICM7211AMIPL, respectively. 


The CD22105 types are supplied in the 40-lead dual-in-line 
plastic (E suffix) package. 
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CD22105, CD22105A 
Terminal Assignment 
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CD22105, CD22105A 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) 


TV OUGG Os TETOrONGOC 10 Vas TRING « ico csitatxs £650 tact Binh abe P00 0644 Seon ak wEe dF wEE EERE ERAGE sews OHSS Se hk -0.3 to +6.5V 
INPUT VOLTAGE RANGE, ALL INPUTS 5 cbsicdiGn ciun chvkpsnwmwn dean ded eulees os bonkie Oe d4hsese ea y Nine reec dase bs -0.3 to Von +0.3 V 
DC INPUT CURRENT, ANY ONE INPUT” ccs <cseswisovideansestsonsceeswdndaws 625 969s 50 be d00eses e080 O08 HORS baniwde tearetas +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

Pot eae re Or Gs ae dee tiene deennd ok anes geseaees Rinneseanns oon KeEkoGanEwe HonK ines Srowads ¥awL hes SemeLaeeKeee eters 500 mW 

FOP TH FOO 10 FIO Gc sid eb ws 8:8 6565.86 50:4646 da do Bk ha hb EOL 8 OO SR xk HER Reds Rav eed Se ReEeOS +h OKA Derate Linearly at 12 mW/°C to 380 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

POM PARP ULL PACKAGE reNirerin LURE BANG <4 2c0x0 couwede dace ene bed ibab us Gn beds encode nesses seeenr eiscaws tenadeus 100 mW 
OPERATING- TEMPERATURE RANGE (Ta )tiscds una oe cone $604 905-06 09 oe 8045.00 006 Neve ve sen des casewetecuadens aces codeere oes -20 to +70°C 
STORAGE TEMPENAT URE RANGE (Veg) o0csac aa-ounenscesones banks umdecceceteneaese ieeereeseiretes Baeeree cixesuss oo -55 to +125°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX.  ... cece eee cece cece eee eeeeeeeeeeeeeeeeeuees +265°C 


*Pin 36 limited to +5 mA. 


STATIC ELECTRICAL CHARACTERISTICS 
Ta=25° C, Voo=5 V, Vss=0 V 


ee MIN. | TYP. | MAX. |-NITS 


CHARACTERISTIC SYMBOL 


po ss=OV | 8 ST 
[Operating Current, | top | Display Operating | — | 10 | 50 | vA | 


[Oscillator Input Current —S—S—~d—Csd low dP SSC*~=~“—~«i SSSCSC~C“‘“dSCSC*YSC‘a YOO WA 

Segment Rise and Fall Time [tte | = 200pF CP dP OS] — | 

es ae er a ee oo 
[Pin 36 Floating | — | 16 | — | KH 


ss 

|InputLeakage Current | Pins 27-34 | | £0.01] tt | WA | 
lInputCapacitance | GT Pins 27-34 | | ST TO 
[Backplane InputLeakage | tum) | Pin Swith Pin36@Vss__ | — | +001] +1 | WA _| 
[Backplane Input Capacitance |] Cw PC | 200 | = OO 


DYNAMIC ELECTRICAL CHARACTERISTICS 
Ta=25° C, Voo=5 V, Vss=0 Vv 
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CHARACTERISTIC SYMBOL CONDITIONS TYP. UNITS 
VALUES 


Data Hold Time | tan | See Timing Diagram | 25 | ons 


See Timing Diagram 
See Timing Diagram 


See Timing Diagram 
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Fig. 2 - Typical operating current as a function 


CD22105, CD22105A 
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Fig. 1 - Block diagram of CD22105 and CD22105A. 
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Fig. 3 - Typical backplane frequency as a 
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external capacitance on pin 36. 
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CD22105, CD22105A 
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Fig. 5 - Test circuit. 
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Table | — Output Codes 
Hexadecimal | Decimal 
| CD22105 


Binary Input 
B3 B2 Bi BO 
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DISPLAY SEGMENTS 
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CD22105, CD22105A 


CHIP-SELECT TRUTH TABLE 


In input latches, decoded, 
and passed through 
selected (1 of 4) output 
latch to update selected 


OSCILLATOR 
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Fig. 6 - Display waveforms. 
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CD22301 
PCM Line Repeater 


Features: 


= Automatic line buildout 
= 5.1 V supply voltage 
= Buffered output 


Applications: 


= 711.544 Mbits/s bipolar carrier system 
ws 17148 2.37 Mbits/s ternary carrier system 


The RCA-CD22301 monolithic PCM repeater circuit is 
designed for T1 carrier systems operating with a bipolar 
pulse train of 1.544 Mbits/s. It can also be used in the T148 
carrier system operating with a ternary pulse train of 2.37 
Mbits/s. The circuit operates from a5.1V +5 % externally 
regulated supply. 
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Fig. 1 - Functional block diagram. 


Preliminary Data 
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CD22301 


TERMINAL ASSIGNMENT 


The CD22301 provides active circuitry to perform all 
functions of signal equalization and amplification, automatic 
line buildout (ALBO), threshold detection, clock extraction, 
pulse timing, and buffered output formation. 


The CD22301 is supplied in an 18-lead dual-in-line plastic 
package (E suffix). 
OSC 
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CD22301 

MAXIMUM RATINGS, Absolute Maximum Values: 
At ambient temperature (Ta) = 25°C 
Deel Sk, eee PT ee ere eee re eee ree Te Te ee eee TT ee oe TT eT TT eT eT eer eT Tee rere TT ee Tee Tee eee 10V 
De GUR AEN 1une FiO OOl 10) 5 isdnwn chro oe dkenwine sues (oemewedieu ewe ens conta abonnieds ences es babdebsuensoreeensanedes 25 mA 
PEA CUAMEND GOO FINS OF TO) ten a0sx xace es bueer nbungaus dee oues Kcde eos 0 eee Ad Ades bdGuROde weRs $00 on ease Skee ERKRG S468 100 mA 
INPUT SURGE VOLTAGE (Seiween Fine S and 6. t= TOMS) oi iicdieee cn huciada ie bane SeWeedeewdecetaues cucw iad 6 Wmeede deN ees 50 V 
OUTPUT SURGE VOLTAGE (Setween Pins 10 and 11,0 = 1 6) s002cciws ccawscwesendescdsenedt ones 40d Sees essiskeacdevabbeks 50 V 
POWER DISSIPATION PER PACKAGE (Pp) 

POPl Wet AO OOo Ge sun aye ceae ka ceads xaos o00hea sa ee Ge hig e eked eee yek onde eee tndkdeer eee dakuawes-44enenss teres ouease4 500 mW 

POR TAS 460 C10 900 © osu ke chains cow cetevesiececeay debs 2sen Hes poke eedaseeeeeneeebees Derate linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOr PA= Pull PeGkage- 1 SpPOratule MENGES é s62065 5 6id 5.6 6554. 4b beh sede Sa resodCoVeredndadveséceubovareserecndevedoanasds 100 mW 
OPERATING TEMPERA TURE FANMGE (TA lies d5d5dcno644 5404 50a ian weds oeGeand neous sbsienwss aw er aeeseenewebewnends -40 to +85°C 
SIR AGE. TEMP CHA ONE (V0) cesenas den tewndsencosban ia 0c xsined ches bene dnendaeah es hen pesetedsbenaanehwneenns -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 = 1/32 inch (1.59 = 0.79 mm) trom: Gase for 10S MAX,...665.0c ooce 600 6s450006065 sce dsecesdsaens s60acancuns +256°C 


STATIC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vcc = 5.1 V + 5% (See Fig. 2) 


LIMITS 


CHARACTERISTIC 


DC VOLTAGES 


Pins 2, 3, 4 and 17 


Pins 5, 6, 7 and 8 
Pins 10 and 11 


Pins 12, 13, 15 and 16 


DC CURRENTS 


Pin 14 


Pins 10 and 11 


PULSE OUTPUT 
% C, AND L, RESONATE AT |.272 MHz 92CS$-34932 


Fig. 2- DC and output pulse test circuit. 
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CD22301 


DYNAMIC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vec = 5.1V + 5% 


| ums 
CHARACTERISTIC 


UNITS 
ened bed aan) EE 
Bell idl Input |lmedance | 20 | — | — | ka | 


5 ee 
[PreenpitierGan@2a7miz | mm | 3 | | | 0) — | 
[Preamplifier Output Offset Voltage ———~SC*dtCSCVew |] 0] 0] | 
[Giock Limiter input impedance ——~S~dt(Cccy) | | | 0 | — | — | 
ALB OMtimpedance _——~=S~S Coco | a |e | mo | | Kl 
TALB0 Onimpedance ——~—~S~S~S nolo) | P| — | — | 0 | 
[DATA Threshold voltage ——=—SSC~S~S~C wy) fs Pw | S| OW] ORR 
CLOCK Threshold Votage——SCS~S~dC( cy] sw | — fe | — | 
TALBOThreshois ——SCS~=~<~sC way |] sn Pt | te | 
Tvmidpastotvemay Ss—=—“—s*s*~—~‘—sSC‘“‘CéX/(*dSCC*dS Ce Ps | og | 
Tvmictyaswotvm(ayy —SS—S—~—iSSSSC*dCSC i | 0 
[Butter Gate vottage iow) SST | 2 | 9 | 068 | 08 | oos |v 
TDitterental Butter Gate Vonage ——~=~S~*~‘dtCi de] ons | 0 | ons | 
[OutputPuserisetime ——=Ss*=“*‘~*é‘“rCSC‘:*SC*‘id wT — | — | 0 | re 
outputPuseraitime ———Ss=~=“~*~*~*~‘iSC id POP — | — | | re 
Sn 
[Pulse Wisth Diterentiar——=S~=~“‘*‘“‘*~‘~dtCSC «dt kw 10 | 10 | 0 | 10 | re 


[ Glock Orivecurent | tee | | 2 | = | 


Notes: 
1. Nosignal input. Measure voltage between pins 7 and 6. Continue increasing AV until the DC level at the clock 
; terminal drops to 4 volts. 
2. Measure clock limiter input impedance at pin 15. 7. Continue increasing AV until the ALBO terminal rises 


3. Adjust potentiometer for 0 volts. Measure ALBO off 


to 1 volt. 


impedances from pins 2, 3 and 4 to pin 1. 8. Turn potentiometer in the opposite direction and 
4. Increase potentiometer until voltage at pin 17 = 2 Vdc. measure negative threshold voltages by repeating 

Measure ALBO on impedances from pins 2, 3 and 4to tests outlined in notes 5, 6 and 7. 

pin 1. 9. Set ein = 2.75 mV(rms) at f ~ 1.185 MHz. Adjust 
5. Adjust potentiometer for AV = 0 volts. Then slowly frocueney until maximum amplitude is obtained at pin 

increase AV in the positive direction until pulses are 15. Observe output pulses at pins 10 and 11. 

observed at the DATA terminal. 10. Adjust input signal amplitude until pulses just appear 


in outputs. Increase input amplitude by three dB. 


92CS- 34929 


Fig. 3 - Preamplifier gain and impedance measurement circuit. 


CD22301 


CD2230! 


oPnNonow eu wn 
uw 


92CS-34930 


Fig. 4 - Test circuit for impedance measurement. 


Vcc" 5.1V 


2.75 Veme 
O@!.185 MHz 


92CS-3493! 


Fig. 5 - Test circuit for threshold voltage measurement. 


10 % on 
—— | | 


i 1 pe at ae 


92CS-34933 


Fig. 6 - Output pulse waveform. 
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CD22401 


CMOS 16-Channel Precision Timer/Driver 


Features: 


670 


Provides 17 precision-timed output 
pulses 

Variable output pulse width as a 
function of an external timer clock 
frequency 

High source current drive output 
pulses- up to 15 mA using bipolar 
drivers 

Serial data interface via shift 
register 

EP inputs provide added control 


Static operation- shift register and 
timers can operate at DC and still 
retain counts and data levels 

For multiple device use, shift 
registers can be cascaded 

Provides inherent serial-to-paralle! 
data conversion 

Offers output disable capability 
using inhibit features 

Low power CMOS logic 

input/output protection circuitry 


“E” Suffix 


40-Lead Dual-in-Line 
Plastic Package 


logic flexibility for output 
selection in addition to shift 
register data 


The RCA CD22401 is a precision timer/driver. It is an 
interface circuit and has been designed to provide critically 
timed output pulses for high-speed printers. The device is 
fabricated using CMOS enhancement-mode technology 
with the resulting low power consumption. 


The circuit consists of a 16-stage (optionally 17) shift 
register with each register output connected to a latch and 
its respective timer and output buffer stage. Thus, there are 
17 latches, timers, and driver (output buffer) stages. The 
output driver pulse width is a function of the timer clock 
frequency, since it depends upon a fixed count in hardware. 


Data is fed serially into the shift register by means of the 
shift register clock. Then the input sequence is strobed out 
in parallel to the shift register latch. A particular output is 
turned on (pulsed high) if the associated latch holds a logic 
“1” and when the proper enable signal is activated. 
Simultaneously, the enable signal starts the associated 
timer which controls the output pulse width. After a time 
period of 100 negative edges of the clock (99 to 100 clock 
pulses), the output is turned off. This provides timing 
accuracy within 1%. 


The CD22401 is supplied in the 40-lead dual-in-line plastic 
package (E suffix) and in chip form (H suffix). It is useful in 
applications requiring precision pulse widths. 


Register Operation 


In operation, a serial string of 16 (17 using the optional 
flip-flop) bits is fed into the shift register (see Fig. 4 for shift 
register timing). Ones (‘1s’) determine an output drive 
pulse and zeros (‘Os’) indicate no drive. Any one output 
enable (EP) line is connected to four selected timers giving 
the potential for four outputs per one EP pulse with the 
exception that EP5 connects one timer only. EP lines may 
be connected to each other. 


After a sequence of 16 bits (or 17) is serially loaded into the 
shift register, a strobe pulse activates the latch so that the 
register data “word” is transferred out in parallel into the 
register latch. Here the data waits until an active enable 
signal combines with a “one” from any latch at which time 
the counter begins and the respective output driver goes 
high. The output will continue high until the counter 
achieves 100 negative edges. It has been assumed that the 
output inhibit control has not been activated. The inhibitisa 
control which gates the output “OFF” and can thereby 
prevent start-up or transient situations. 


The register latch has 17 outputs each of which feeds its 
respective timer (one timer circuit for each output from the 
register latch). Also, each timer provides access to an 
output driver. 


Timer Operation 


When the timer begins counting and the output goes high, 
the latch is held reset to prevent retriggering before the 
count is finished. 


During start-up (before reliable count operation), the timers 
need 128 clock pulses at the timer inputs to guarantee a 
reset condition before enable pulses are applied. 


After an output pulse goes low (becomes inactive), seven 
clock pulses should be applied at the timer clock input 
before any timer is retriggered by means of an enable and 
data “one” combination (repeat of another output pulse at 
same pin). 


The data and the enable pulses together control which 
combination of timers and driver stages become activated 
to produce output pulses. 


CD22401 


EP4 O— > 
OD 
EP2C) >. 
EPI O— > 
B17 << <I ()aQi7 
($ TEST) OQ—0 Po | 
( Jal 
(D TEST) Q—e fo | 
( )a2 
ere = Pome a 
Bol Q—«< bo | C) 93 
( a4 
E ( )a5 
ma 
cx O->-1 He ca ce ca O06 
pes SHIFT 7 == a 
Eg) Hoe HSE me | nm} on 
Coreg meme A 
3,011 = ee. a o 
a 


Pesca 
io 
aie 
L 
Bap 
Lok 
mae 
ae 
iH 
O 
Oo 
wo 


a 
fr: sss eer Oore 
fe} }- 1 5 
rf} ire} ff, aa 
eS 
pDi6 C) > =. = Q og ce ie - 
ae Cor Sp om 
I6- BIT REGISTER) 2 a hi Sioa ; i 
le Er oD}~— Dais 
ST aes or a 
+> Ge 7 
R O 6 AS 
-_ /\ 
TMR 
cLk OU PE. ee 92CL-3522IRI 


NOTES: | DATA ENTERS SHIFT REGISTER AT FFI6.FFI HOLDS 
LAST BIT. FFI7 CAN BE CASCADED 
TO MAIN REGISTER AT FFI. 


2 DI7-DATA IN TO I- BIT REGISTER. 


Fig. 1 - CD22401 block diagram. 


MAXIMUM RATINGS, Abso/lute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (VoD) 


(Voltage referenced to VSS terminal ) os icnciseccessvesedsves boss ceveees Sona RON TAH ENE ENTE DRTC EDO ESE EOS Se OnE TE SEES as -0.5 to 6.5 V 
INPUT VOLTAGE RANGE. ALL INPUTS. cic ccivciscceucs conan ed seen sbienncee Ghee ose ewes FeO CoN eeesetesawwEs des -0.5 to Vob +0.5 V 
POWER DISSIPATION PER PACKAGE (PD): 

For TA =0°C toe 70°C (PACKAGE TYPE ©) sis. ix das ces tvamedan venture cue d4ee aneh etheee 8049405000 08 4 Vem se on HE 08s Mes 500 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA = FULL PACKAGE-TEMPERATURE FANGGies si cncxe ie bee oed eeni obs wn whdgew anes e504 eee twee aeeedeeeedatasewensas 100 mW 
OPERA TING-TEMPERA LURE RANGE (TA) oc dé ccnde ch0 0064 5u ver n oi kan Cae) 9048505 OHS 244 OF 1555 Se Rw Eee wReTEReEN 0°C to 70°C 
STORAGE-TEMPERA TURE RANGE (Ti) 6niss esac ee deeb ea es bac tees e dad Feud Hee HAUS ewes WEN Od Rede He ESE Aw SS -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 4 0.79 mm) from Case for 10 S MAX. .....65 csceccs sere cee ease sere eee ee seen ene eeaw oun sense +265°C 


enact amis ali clini i a imac 
671 


CD22401 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following range: 


LIMITS 


CHARACTERISTIC 


Supply Voltage Range (For Ta = Full Package Temperature Range) a 


STATIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Von =5 V 


UNITS 


LIMITS 


CHARACTERISTIC 


Input Low Voltage 
Input High Voltage 


Output Voltage Low-Level 


CONDITIONS 


lo. = 1.6 mA ¢ 
lo.=1mA* 
Vin = Vin or Vit 


Output Voltage High Level 


lou = 10 mA * 
loH = 15 mA * 


* Output Pins 23-39 

¢ Output Pins 8, 10 EP5 Voo 

QI7 

Q| 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

gg NOTE: WHENUSINGCD22401 

a6 PIN 19 SHOULD BE 
TIED TO Vss (OR Vpp). 

Qlo PINS 6,7,17,18,21, AND 

Qll 22 SHOULD BE LEFT 

Q12 OPEN. 

Qi3 

Ql4 

- QI5 

QI6 

TE! TEST CELL 

OUTPUT 
TBI TEST CELL 
INPUT 


ENABLE ( =53 
pucse ) EPS 


CLOCK TEST OUT TO 
DATA TEST OUT DTO 

BIT 17 OUT BI7 
DATA’ DI7 

BIT | OUT* BO! 

SHIFT REGISTER CLOCK SRC 
SHIFT REGISTER CLEAR CLR 
DATA 16 BITS **pi6 
STROBE IN STB 

TIMER CLOCK TMC 

INHIBIT TNH 

TD2 

TDI 

TEST INPUT TG] 


TEST OUTPUTS 


Vss 


* INPUT TOI BIT REGISTER 
* OUTPUT OF I6 BIT REGISTER 


% 
INPUT TO 16 BIT REGISTER 92CS-3520IRI 


TERMINAL ASSIGNMENT 
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CD22401 
DYNAMIC ELECTRICAL CHARACTERISTICS At Ta = 25°C, Input tr, tr = 20 ns, Ci = 50 pF 


TEST CONDITIONS LIMITS 


Timer Clock Pulse Width tWTCL 


Timer Clock Rise and Fall Time trcK, tfCK 


Output Inhibit Pulse Width 


Output Turn-On Delay after 
Inhibit is OFF tPLHI 


Enable Pulse (EP) Width tWHEP 3 


Transfer Strobe Pulse 


Output L-H Transition Time me | os | 4s {so | — | — | as 
Output H-L Transition Time me | os | 45 [| so | — | — | 150 | nsec | 
Output Turn-On Prop. Delay Time tru pe fs po 1200 | nsec 


High-Level Output Driver Timer Clock 
Pulse Width tout Pulses 
Shift Register Input Clock 
Frequency tfSRCL 
Shift Register Clock Pulse 5 
Width twSRCL 
Shift Register Data Set-Up 
,; 100 
Time tsetup 
Shift Register Data Hold 
Time tSRHOLD 
Shift Register Data Pulse 
3 
Shift Register Data Output 9 5 — 
Prop. Delay Time tPDLH 
Shift Register Clear Pulse 


* Data from shift register must be stable at time of transfer. 
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ere ee 


CD22401 AC Waveforms 


SRC 


(a) FULL TIMING CYCLE 


TESRCOL 


"WSRCL . 16 


LL 
‘ 


ei be 


(b) EXPANDED TIMING CYCLE DETAIL 92CL-35203RI 


Fig. 2 - Functional timing diagram-shift registers function. 


seuwintaes ey iS TO BE 99-100 TCK PULSES LONG 
SRC | | | | | | | | OUT 


| 
= | 
TIMER CLOCK IS TO EXPERIENCE a tPLH oot tow 


128 CLK PULSES BEFORE STARTING - a: 
toyt COUNT (BEFORE EP IS ACTIVATED). — 
92CM-36462 


Fig. 3 - Functional timing diagram-shift registers function. 
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AC Waveforms (cont'd) CD22401 


SR CLOCK 1 2 3 45 6 7 8 9 0 Ht t2 13 14 15 16 17 | 2 3 4 5 6 7 8 9 WH 12 - 
CLEAR | | , 
cI | | | | 


PULSE 
CLR 
| | | 


en so ee vo 7 Soe 5] oe 


92CM-35204RI 


Fig. 4 - Functional timing diagram-shift registers function. 


SRC a 


EP 
= tick trCK 
| | 2 99 100 
- -——\-— 90% 
TCK \ / 
_ = 10 % 
=| —twor | 
INH ) 
| 
tet tPHLI tPLHT a t PHL 
| 
| - i | rT 90 % 
| | | 
OUTPUT 
10 % 
t tTHL 
TLH 


PROPAGATION DELAYS ARE MEASURED 50%- 50% 
92CM-35205RI 


Fig. 5 - Functional timing diagram-shift register function detail. 
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CD22413, CD22414 Types 


CMOS Pulse Code 


Modulation Sampled — 


Data Filters 


The RCA-CD22413 and CD22414 are 
sampled-data, switched-capacitor filters 
intended for use in PCM CODEC systems 
or other telecommunication systems re- 
quiring band limiting. Transmit and receive 
filters in both devices are 5-pole elliptical 
types, operating at a sample rate of 128 kHz. 
In addition, the CD22413 contains a 3-pole 
Chebyshev high-pass filter in the transmit 
section that provides 50/60 Hz and 15 Hz 
rejection. Both devices also include two op- 
erational amplifiers which may be used as 
building blocks in a system. 


A 50% duty-cycle clock on the convert- 
clock input (CCI) determines the cutoff 
frequencies for the filters. The cutoff fre- 
quency (f.) is given by the equation; f, = 
0.02422 X Clock Frequency. Normally, the 
clock frequency is 128 kHz for a cutoff fre- 
quency of 3100 Hz. The master sync input 
(MSI) should be 8 kHz and have it’s low-to- 
high transition coincide with each new 
PAM sample received at Receive-Filter-!In 
(RX1). RX! wili accept 19% to 100% duty 
cycle PAM at 8 kHz. 


Timing and synchronization signals (CCI 
and MSI) may be made either TTL- or 
CMOS-compatible through use of the 
Logic-Shift Voltage (VLS) input. Specific 
input conditions are listed in the table of 
Logic-Shift-Voltage inputs. The analog 
ground (VAG) should be held at approxi- 
mately (Vpo-Vss)/2. If VAG is within one volt 
Of Vop2 the chip will be powered down. The 
CD22413 is pin-compatible with the 
MC14413; the CD22414 is pin-compatible 
with the MC14414. 


The CD22413 and CD22414 are supplied in 
16-lead hermetic dual-in-line ceramic 
packages (D and F suffix), 16-lead dual-in- 
line plastic packages (E suffix), and chip 
form (H suffix). 


I 
2 
3 
4 
5 
6 
rf 
8 
TOP VIEW 
92CS- 33233 


TERMINAL ASSIGNMENTS 
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Preliminary Data 


CD22413 
CD22414 


Features: 
# Single supply (10V-16V) or dual supply operation 
s Transmit bandpass and receive low 

pass filters (CD22413) 
=» Transmit and receive low pass filters (CD22414) 
s 30 mW (typ.) operating power 


FUNCTIONAL DIAGRAM 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vopp) 


(Voitages referenced to Vas Terminal) ......ccsccscccccccscesceccccccccunevescsace -0.5 to+18V 
INPUT VOLTAGE BANGE, ALL INPUTS cavccicnssaccisusdaswenvesasendsenenerd -0.5 to Von + 0.5 V 
DG INPUT CURRENT, ANY ONE INPUT 465.44 caxssvasweacse vd ciapenaedsenndades taba) 1s eas +10 mA 
POWER DISSIPATION PER PACKAGE (Pp) 

ror 1a == 40 16:7 60°C (PACKAGE TYPE ©) cicisvnvdsrsscereceensdse0ca decor cieawnens 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE €)............ Derate Linearly at 12 mW/°C to 200 mW 

Por Ta = ~55 to 100°C (PACKAGE TYPES D0, F) ccisctccvensnarsidetavks tennsebacan tee 500 mW 

For Ta = + 100 to + 125°C (PACKAGE TYPES D, F) ..... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types)................. 100 mW 
OPERATING-TEMPERATURE RANGE (Ta) 

PACKAGE TYPES Os Fe Ft sosctiecs 6000550 one 000nss beein deen hadtaddesesaceeezen -55 to + 125°C 

PACKAGE 006 © 6 060cesssksnracs oxquletus d0d0gs satu tenn sediaweseacesuesaeesates -40 to + 85°C 
STORAGE TEMPERATURE RANGE (Ven) iccsciaecsccacunswitedasentdsiassasdeenes -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s Max...............0000- +265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 


DC Supply Voltage 
(For Ta = Full Package 
Temperature Range) 


TXIO TRANSMIT OC) LPO(CD22414) 
-A sini O TxX0(cD22413) 
+A 
AO BIAS OC VAG 

AND 
POWER 
BO DOWN 
- a 
" RECEIVE O Rx! 
FILTER 
RXxO © © eer 
Von O © mst 
TIMING Li LEVEL SHIFT 
Vs5 O O vis 92CS8- 33228 


Fig. 1 - Block diagram of CD22413 and CD22414. 


CD22413, CD22414 Types 


DIGITAL ELECTRICAL CHARACTERISTICS _ = 0 V, Ta = 25°C) 


CHARACTERISTIC 


Operating Current 


Power-Down Current, (PDI = Vss) = 
Input Capacitance 


MODE CONTROL LOGIC LEVELS 


ee oe a ee 
CHARACTERISTIC ee oe a 


VLS Power-Down Mode 12 11 
15 14 


VLS TTL Mode 
VLS CMOS Mode 


VAG Power-Down Mode 


CMOS LOGIC LEVELS (VLS = Vss) 


CHARACTERISTIC 


Input Current 
CCl 
MSI “1” Level 
(Internal Pulldown Resistors) “0” Level 
Input Voltage CCl, MSI 

“0” Level Vie 


=e 


5.25 
6.75 
8.4 
11 ; 


6.75 


12 
15 
“1” Level 
1D 


TTL LOGIC LEVELS (VLS = 6 V, Vss = 0 V) 


CHARACTERISTIC ie | Typ. | Max. |UNITS 
Input Current lin 
CCl 12 +0. oon 

| “ 


MSI “1” Level 
(Internal Pulldown Resistor) “0” Level =(, ‘aos =0.3 


Input Voltage CCl, MSI 
VLS+2 


LIMITS 


“O” Level 
“1” Level 
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CD22413, CD22414 Types 


ANALOG ELECTRICAL CHARACTERISTICS (Vpo = 12 V, Ta = 25°C) 


[tye] wex.| units 
r= 0.00007 [£0.03 [uA 


CHARACTERISTIC 
AC Input imeedalice 
(1 kHz) (RXI, TX!, VAG) 
Input Common Mode 
Voltage Range 
(TXI, RXI, +A, -A, +B, —-B) 
Input Offset Current 
Input Bias Suan 
(+A, ~A, +B, -3) 
Input Offset ee 
Output Voltage Range 
(AO, BO, TXO, LPO, RXO) 
(Ri = 20 kQ to VAG, Re = ~&) 
(Ri = 600 Q to VAG, Rs = 1.6 kQ to Vop) 
(RL = 900 Q to VAG, Re = 1.8 kQ to Vpp) 
Small Signal Output 
Impedance (1 kHz) (TXO CD22413) 
(LPO CD22414) 
(RXO) 


Output Current 

(Von = 11V). lon 
(TXO, LPO, RXO, AO, BO) 
(Vo. = 1V) low 
(TXO, LPO, RXO, AO, BO) 


RECEIVE FILTER SPECIFICATIONS (Vopp - Vee 12V, CCl = 128 kHz, MSI = 8 kHz. 
includes sinx x correction, Vin = 0 dBm0, full scale = +3 dBm, 7 Vp-p, Ta = 25°C) 


CHARACTERISTIC 


a RET ACE BELT 
Passband Ripple 
(50 Hz to 300 Hz) 


Out of Band Rejection See Note 1 
3400 Hz 

4000 to 4600 Hz 

4600 to 64 kHz 


1150 to 2300 kHz Delay 


-30 -33 oo 
Output Noise See Note 2 10 15 dBrncod 
(RX!I = VAG) 
ae a ae 
1000 to 2500 kHz Delay 


Dynamic Range 
12 22 Us 
25 35 
800 to 2700 kHz Delay 31 41 


Differential Group Delay 
Note 1: Referenced to passband minimum. Note 2: Referenced to 900Q. 


Vout/Vin-98 
t 


2 4 68 2 4 68 2 4 6 


Ik 10k 
fiy INPUT FREQUENCY-Hz 
92CS -33234 


Fig. 3 - Receive filter typical and minimum per- 
formance for CD22413 or CD22414 with 
sinx x correction included. 


@ 
his 
z 
> 
N 
- 
= 
oO 
> 


100 \ 
tin INPUT FREQUENCY- Hz 
92CS-33235 


Fig. 4 - Receive filter typical and minimum 
passband performance for CD22413 or 
CD22414. 
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CD22413, CD22414 Types 


TRANSMIT FILTER SPECIFICATIONS (Vop-Vee = 12 V, CCI = 128 kHz 
MSI = 8 kHz, Vin = 0 dBm0, full scale = +3 dBm0O, 7 Vp-p, Ta = 25°) 


Dynamic Range 
(7 Vpp Max) 
Differential Group Delay 
1150 to 2300 kHz Delay 
1000 to 2500 kHz Delay 
800 to 2700 kHz Delay 
Note 1: Referenced to passband minimum. 


, Vout/Yin-98 


4 


4 6 
" 100 . ! . 


SWITCHING CHARACTERISTICS (Voo - Vss = 10 V, Ta = 25°C) 2 


CHARACTERISTIC 


Input Rise and Fall Time, t,, ts CCl, MSI | — | 
Pulse Width, twu CCl, MxI 
Clock Pulse Frequency, fer ccl | 50 | 


Set Up Time, tsu 
MSI Rising Edge to CCI Rising Edge 
(CCI = 128 kHz)* 
“Specifications assume use of 50% duty cycle for clocks. 


K 
fin INPUT FREQUENCY-Hz 


CD22414 using Figs. 11 or 12. 


>! —Isy 


€ 6 
tin PUT FREQUENCY- fz 


CCI (CONVERT CLOCK) 


MSI (MASTER SYNC) 


92CM-33542 


Fig. 2 - Switching characteristics wave forms. 


r) 
b 4 
= 
> 
4 
3 
> 


LOGIC SHIFT VOLTAGE INPUTS 


VLS PIN LOGIC INPUT (CCI AND MSI) 


VSS < VLS < VSS + 0.8V CMOS 
VDD-1V< VLS < VDD POWER DOWN 
VSS + 2V< VLS < VDD- 2V | TTL (VLS + 0.8V < INPUT < VLS + 2V) 


“lk INPUT eee 11 ~Hz 


performance for CD22414, 


CPA A 
| 


yo. [Wax] ums) 
Gain (1020 Hz) E -20 
Passband Ripple . 
(300 Hz to 3000 Hz) val Mal rl 
Rejection See Note 1 
60 Hz CD22413 only 
180 Hz CD22413 only 
3400 Hz : ‘eo tn _ eee - - 
92CS- 33236 
4000 to 4600 Hz Fig. 5 - Transmit filter typical and minimum 
4600 to 64 kHz performance for CD22413 or CD22414 
Output Noise CD22413 using Figs. 11 and 12. 
(300 to 3400 Hz) CD22414 


92CS- 33237 
Fig. 6 - Transmit filter typical and minimum 
passband performance for CD22413 or 


9208-35236 


Fig. 7 - Transmit filter typical and minimum 
passband performance for CD22414. 


92C8-35238 


Fig. 8 - Transmit filter typical and minimum 
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CD22413, CD22414 Types 


Rg=!8kQ 


128 kHz 

RX DATA 

RX ENABLE 
DATA CLOCK 


TX DATA 

TX ENABLE 

8 kHz 

POWER DOWN 


” 
Rg CAN BE ADDED FOR 600 2 OR 9002 LOAD TO INCREASE SOURCE CURRENT. 
92CM-33229 
Fig. 9 - Typical circuit configuration using the CD22407 CODEC and CD22413 filter (split supply). 


+12V ,[ MCI403 
(OR 
ane 
3 


CD22407 


30k 


aaa 
128 kHz 
3 ae ae 
za RX ENABLE 
: DATA CLOCK 
[6 | Ue 128 kHz 
: Oe 8 kHz TX DATA 
8 TX ENABLE 
8 kHz 


POWER DOWN 
4000 


% THESE BYPASS CAPACITORS SHOULD BE pF 
LOCATED PHYSICALLY CLOSE TO THE 
IC PACKAGES. 


Fig. 10 - Typical circuit configuration using the CD22407 CODEC and CD22413 filter (single supply). 


92CM-33230 


RI 


v ve 2 TX LOW PASS 
_ +e) 
ADI 
3 
HIGH Zin 7 V pTOp wai 
R2 R3 R4 


VAG — VAG 
LOW Z OUT 7V pTOp 
RX LOW PASS 
C1, C2, C3 4700 pF +1% 
C4 0.2 uF -20% +80% 


R1 112 kN %W 1% 
R2 620 kN “WwW 1% 
R3 223 kD. kW 1% 
R4 100kN %W 10% 


92CM- 3323! 


Fig. 11 - Filter schematic for CD22413 with 60-Hz reject filter. 
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VAG — (Analog Ground) This pin should 
be held at approximately (Voo-Veeye. All 
analog inputs and outputs are referenced to 
this pin. If this pin is brought to within ap- 
proximately 1 V of Vop, the chip will be po- 
wered down. 


+A Non-inverting input of op-amp A. 
-A Inverting input of op-amp A. 

AO Output of uncommitted op-amp A 
BO Output of uncommitted op-amp B 
-B inverting input of op-amp B 

+B Non-inverting input of op-amp B 


Vss This is the most negative supply pin and 
digital ground for the package. 


VLS (Logic Shift Voltage) The voltage on 
this pin determines the logic compatability 
for the CCI and MSI inputs. If VLS is within 
0.8 V of Vss, the thresholds will be for CMOS 
operating between Vpp and Vss. If VLS is 
within 1 V of Vop, the chip will power down. 
If VLS is between Vop - 2 V and Vss 2 V, the 
thresholds for logic inputs at CCl and MSI 
will be between VLS + 0.8 V and VLS+2V 
for TTL compatability. 


CCl (Convert Clock Input) Normally, a 128 
kHz clock signal should be applied to this 
pin to operate both filters at f. = 3100 Hz. 
For other break frequencies use the follow- 
ing equation: fo = 0.02422 f clock. 


MSI (Master Sync Input) This pin should 
receive a low-to-high transition concurrent 
with each new PAM sample received at the 
receive filter input, ADI. A new transmit fil- 
ter output sample will be presented at this 
time. 


TXO (Transmit Bandpass Output — 
CD22413) This is the output of the transmit- 
bandpass filter. It is 100% duty cycle PAM at 
8 kHz. 


LPO (Transmit Lowpass Output — 
(CD22414) This is the output of the 
transmit-lowpass filter. It is 100% duty cycle 
PAM at 128 kHz. 


TX! (Transmit Input) This is the transmit- 
filter input. 


RXO (Receive Output) This pin is the out- 
put of the receive filter. It is 100% duty cycle 
PAM at the same frequency as the CCI pin, 
normally 128 kHz. 


RXI (Recelve Input) This is the receive filter 
input. It will accept 3/16 to 100% duty cycle 
PAM at 8 kHz. 


Voo Nominally 12 volts. 


NOTE: Both VAG and VLS are high- 
impedance units. 
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RI 
2 TX LOW PASS 
C3 C4 
4 13 
mv . a“ 
Zin * 9002 Cl C2 3 
Vin MAX= +3 dBm 
RIO R2 RG R3 \ R4 
R5 
VAG 
ZouT™ 9002 Yop RB 
RX LOW PA 
Vout MAX+ 3 dBm OW PASS 
RS 7 14 15 
ADO 
5 RT 
C1,C2,C3  4700pF +1% R5 200 kN%“uW 1% 
c4 0.2 uF = - 20% +80% R6 169kN%W 1% 
R1 236 kN “WS 1% R7 24kN%W 1% 
R2 294k %W 1% R8 33 kN %*W 1% 
R3 9-223 kKNUuW 1% RQ 1.BKN UW 10% 
R4 §100kN%W = 10% R10 «(900 KW 1% 
R11 9000 %W 1% 
92CM-33232 
Fig. 12 - Filter schematic for CD22414 with 60-Hz rejection and 900-Q termination. 
+ |2 
1402 
OR 
EQUIVALENT) 
128 kHz CLOCK 


RECEIVE DATA 
FROM SIMILAR 
TOO 


TRANSMIT 
DATA TO SIMILAR 
ROO 


C7 8 kHz CLOCK 


CIGITAL GND 


‘FILTER BLOCK DIAGRAM 


cs 


ANALOG IN—4 
TO ADL 


3.5 VP IN=+3dBm0O 


ANALOG GND TO VAG 


3,5 VPOUT=+3 dB m0 
ANALOG OUT FROM ADO 


WITH SIN 


C1, C2 2000 pF -20% +80% X7A 
C3 3900 pF -20% +80% X7R 
c4 0.2uF -20% +80% X7R 
C5, C6, C7 4700 pF) =+1% NPO 
C8, C9* 0.1 uF -20% +80% X7R 
Ri 3k 1% 
R2 30 k 1% 
R3 24k 10% 
R4 112 k 1% 
R5 620 k 1% 
R6 223 k 1% 

*C8 and C9 should be physically close to the 92CL - 33219 


CD22414 and CD22407/4 respectively. 


Fig. 13 - Analog transmission test circuit for CD22414 PCM filter and CD22407/CD22404 PCM CODEC. 
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CD22413, CD22414 Types 


TYPICAL END TO END PERFORMANCE OF RCA CODEC & FILTER 
All measurements made using HP3779B PCM Test Set. See Fig. 13. 


Performance of 
CD22407/4 
CODEC & 


SPECIFICATION CD22414 Filter 


Channel Saturation +3 dBm0 +3 dBm0 +3 dBm0 


Gain Tracking with 1 kHz tone 
+3 to -40 dBm0 
-40 to -50 dBm0 
~55 dBm0 
Quantizing Distortion @ 1 kHz 
+3 to -30 dBm0 
-35 dBm0 
-40 dBm0 
-45 dBm0 
Idle Channel Noise with 
VTX = VAG 
Quiet Code Noise (all 1’s at 
decoder (RDD) Input) 
Selective Response @ 
multiples of 8 kHz 
Frequency Response @ 
0-dBm0O input 
50 Hz gain 
60 Hz gain 
200 to 300 Hz ripple 
3400 Hz gain 
4000 Hz gain 
= 4600 Hz gain 
Single Frequency Spurious 
Response 
In band with input 1 kHz 
@ 0 dBm 
Out of band with input 0 
to 12 kHz @ 0 dBm 
Differential Delay Distortion 
1150 to 2300 
1000 to 2500 
900 to 2700 


17 dBrncO 


15 dBrncO 


-60 dBm0 


INPUT LEVEL (dBm) REFERENCED TO O dBmO 
Hz 
-30 -20 -10 Oo +10 


-50 


GAIN ERROR IN dB 


RCA PERFORMANCE BAND 
92CS- 33210 


Fig. 15 - Gain tracking error for CD22407 and 
CD22414. (See Fig. 13.) 


Bell System 
D3 Voice Freq. 
Requirements 

PUB 43801 


CCITT 
G7.12 
Voice Freq. 
Requirements 


SIGNAL TO NOISE RATIO IN dB 


=+0.5 dB 
<+1 dB 
=+3 dB 


Fig. 14 - 


< 23 dBrncO <-64 dBm0P 


<= 15 dBrncO 
See Frequency 


<=-75 dBm0P 


Response <-50 dBm0 


-1.8 dB 


0-06 (0.2 1 2 31ly 
é3 | 


Bytes TE 
ND CCITT G7 
OPEC IE! CATION | 


Y - 28 dB 


-60 dB 


Fig. 16 - Frequency response of CD22407 and 


INPUT LEVEL (dBm) REFERENCED TO 0 dBmO 
@ 1.02 kHz 


92CS-33212 


Signal-to-noise performance for 
CD22407 and CD22414. (See Fig. 13.) 


8 12 20 FREQUENCY 
IN kH 


92CS-33211 


CD22414 CODEC and filter. (See Fig. 13.) 
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CMOS 


Preliminary Data CD22859 Types 


Dual-Tone Multifrequency 


Tone Generator 


For Use in Dual-Tone Telephone 
Dialing Systems 


Features 

@ Mute drivers on chip 

m Device power can either be 
regulated dc or telephone loop 
current 

m@ Use of an inexpensive 3.579545-MHz 
TV crystal provides high accuracy 
and stability for all frequencies 


General Description 

The RCA-CD22859 is a CMOS dual-tone 
multifrequency (DTMF) tone generator for 
use in dual-tone telephone dialing 
systems. The device can easily be inter- 
faced to a standard pushbutton telephone 
keyboard, to provide enabling Operation 
directly with the telephone lines. 


The CD22859 generates standard DTMF 
sinusoidal dialing tones from an On-chip 
reference crystal Oscillator. The reference 
Oscillator useS an_ inexpensive 
3.579545-MHz color TV crystal to create 
highly stable and accurate tones. The 
sinusoidal tones are digitally synthesized 
by a Stair-step approximation. 


One of four low-frequency band row tones 
and one of four high-frequency band col- 
umn tones are selected by driving one of 
the four row inputs and one of the four 
column inputs low. Simultaneous selec- 
tion Of more than One row input and/or 
more than one column input will inhibit 
tone generation, Or generate a single-tone 
sinusoid. These operating modes are de- 
scribed in the functional truth table. 


Control logic is included to allow easy in- 
terface to standard K500-type telephones. 
Two CMOS outputs Tx, Rx, capable of 
driving external p-n-p receiver and 
transmitter muting transistors are pro- 
vided. A low input to the CD pin, inhibits 
tone generation, turns off the reference 
Oscillator, and causes Tx and Rx Outputs 
to logic ‘0’. During tone generation mode, 
CD =1 and Tx, Rx =logic 1. 


All row, column, and CD inputs are pro- 
vided with pull-up resistors to allow the 
use Of SPST switch matrixes. 


The CD22859 types are supplied in a 
16-lead hermetic dual-in-line side-brazed 
ceramic package (D suffix), and a 16-lead 
dual-in-line plastic package (E suffix), and 
in chip form (H suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DO SUPPLY VOLTAGE RANGE (Vpp = VSS)... 26k ctu cesesiosavesvasccwcs vevend -0.5to +12V 
INPUT VOLTAGE ANGE 615:45%405 5 dons tes bes Se ces hoe Sent bien seOess 2 -—0.5to Vpp + 0.5V 
POWER DISSIPATION, Pp: 
Pe te SAO OW CO. so iie nk becky amy ake veh Le ead een Ne eee haere seed Ke eu ces 500 mW 
ALT A= 460° ClO +OS°C oncs ct ceieween at dw veto acts x Derate Linearly at 12 mW/°C to 200 mW 
POWER DISSIPATION PER OQUTPUD scsi cae sce se eels 8105990 d ede cose Seas cae Chews 100 mW 
OPERATING TEMPERATURE RANGE jane cccediwis owes vey saead taba desaaees -40°Cto +85°C 


LEAD TEMPERATURE DURING SOLDERING: 
At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) 


WOME ASSIOOIOSIWON. <sh-oia cece ce ses 640s. 5h5560 bbb eke e dw obi be bs Sank webne + 265°C 
DTMF Generator Functional Truth Tabie 
Inputs Outputs 
Number of Number of 
Colunin Inputs Row Inputs ~— OSC 
Keyboard Mode a Ctivated Activated OP Tone Aun. RX TX 
“Low” Low nin 
xX xX xX is 9 None No se i a“ 
No key de- 6é b 6é x” 66 te J 
pressed 0 0 1 None No ‘0 0 
vert Dual Tone atk weg 
0 1 1 Ra,C4 Yes ‘1 1 
1,2,3, or 4 0 oe None No “0” “0” 
Normal Dialing 1 1 ae Dual Tone 
One Key De- Te cogs 
pressed (See Ra.Cb Yes ‘1 ' 
Note 1) 
Two or More 2,3, or 4 1 i Single Row Yes “1” “1” 
Keys In Tone 
Same Row Ra 
(See Note 2) 
Two or More 1 2,3, Or 4 “4” Single Column Yes “1” “1” 
Keys In Same Tone 
Column Ch 
Two or More 2,3 Or 4 1 ay" None Yes ‘1” 4” 
Keys In Dif- 
ferent Rows 
& Columns 1 1 None Yes ‘VW “1” 
Where: 


X = Do Not Care 
Ra,Cp refers to Tone Output frequencies corresponding to Row 1, Row 2, Row 3, 
Row 4, Column 1, Column 2, Column 3, Column 4 
a=1,2,3,4 b=1,2,3,4 a=b, ora #b 
1. Corresponds to normal dual-tone Operation. 
2. Corresponds to single-tone generation mode. 
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CD22859 Types 


STATIC ELECTRICAL CHARACTERISTICS at Ta = — 25°C to +60°C 


CHARACTERISTIC Vpp Vo LIMITS 
(V) (V) 


Tone Outputs (Ri, = 82) 


Vo(RL); Single-Tone 
Output, Row** 


ute Output Current 
Transmitter 


IOH (Source) 
) 


lo“ (Sink 
Receiver 


IOH (Source) 
lIOL (Sink) 


“Two Or more row inputs low, and one column input low. 
**Two or more column inputs low, and One row input low. 


Notes: 


i 


Distortion is defined as: The ratio of 
all extraneous frequency com- 
ponents generated in the voiceband 
0.5 kHz to 3 KHz, to the power of the 
dual-tone signal, measure across R_. 


_(V424+V22 =... + V2) 
~ Vi2+VH2 
where V1,V2, ... Vn are extraneous 


frequency components in the voice- 
band 0.5 kHz to 3 kHz, V{_ is the low- 


band frequency tone, and Vy is the 
high-band frequency tone. 

Tone rise time is defined as the time 
for each of the 2 DTMF frequencies to 
attain 90% of full amplitude, 
measured from the time when a row 
and column signal are driven low. 
Pre-emphasis is the ratio of the high- 
group level to the low-group level. 
Refer to Fig. 1 for standard DTMF fre- 
quencies. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —25°C to +60°C 
All voltages referenced to Vss =0 V. 


Tone Generation Mode with 
Valid Input * 


*All logic and counters functional. 
“*Mute switches remain open. 


cOL| COL 2 COL 3 


COL4 


CT Eel ey 


ROW | 


697 (699.1) 
oml|[s] [>] [ rors. 
row [o] [@] [eo] | lesioseo 

NOMINAL 
1209 1336 1977 1633 4@— OUTPUT 
(1215.9) (1331.7) (1471-9) (1645.0) FREQUENCY 
92CS-32958 


Fig. 1 - Bell and nominal output frequencies (in 
parenthesis) for 3.579545-MHz crystal. 


ci(3) 


c2(4) 


COUNT CONT. 


COL DIVIDER 
Cl-46 C3-38 
C2-42 C4-34 


ROW DIVIDER 
RI-80 R3-66 
R2-73 R4-59 


MUTE 
CONTROL 


92CM-32959 


Fig. 2- Touch-tone generator. 
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3 
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Terminal Assignment 


Voo 


LS OP AMP 


Vss 
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KEYPAD 
—+1 {| 2 3 
45 6 
res 


-j~% 0 + 


92CM-32991 


Fig. 3- Interface with standard K500 telephone 


network. 


Tl =. 
\00-H 


60- a a 


ih 
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ee 
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SS 


5, 
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a 


oe sig 
| 7102-0254) agaie 
(3.734-3. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen- 
sions as indicated. Grid graduations are in 
mils (10-3 inch). 


eects 
937) 


92CM-32956 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The aciual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD22859H chip. 


CMOS High-Speed 8-Bit 


Preliminary Data 


Bidirectional CMOS/TTL Interface 


Level Converter 


The RCA-CD40115:. is a high-speed 8-bit 
integrated circuit designed to interface CMOS 
logic levels with TTL logic levels on the data 
bus of microprocessor-based systems. CMOS/ 
TTL interface is provided by eight parallel 
bidirectional buffer/level converters. Buffer 
INPUT/OUTPUT terminals are either inputs 
Or Outputs depending on the desired direction 
of data flow. A low on both the ENABLE 
and DISABLE control inputs selects the 
direction of data flow from CMOS Inputs to 
TTL Outputs. A high on both control inputs 
selects the direction of data flow from TTL 
Inputs to CMOS Outputs. A low on the 
ENABLE and a high on the DISABLE 
inhibits data flow in either direction and 
places the CMOS Outputs in a high-imped- 
ance (3-state) mode. 


The TTL Input/Output terminals and the 
ENABLE and DISABLE control inputs are 
TT L-compatible without the use of external 
pull-up resistors. The TTL input logic 0 to 
logic 1 transition occurs at a level of 
approximately 1.5 volts. The ENABLE and 
DISABLE inputs may be driven to the Vpp 
rail; therefore, either TTL or CMOS logic 
drivers, capable of sinking one TTL load, 
may be used to determine the direction of 
data flow. The large CMOS and TTL output 


Features: 

® Eight inverting channels with 5V-to-12V 
or 12V-to-5V level conversion 

® Three operating modes: 
CMOS-to-TTL level conversion 
TTL-to-CMOS level conversion 
Interface off; high-impedance 

CMOS input/output 

= Low propagation delay time: 
CMOS-to-TTL conversion — 10 ns typ. 
TTL-to-CMOS conversion — 30 ns typ. 

® High TTL sink current — 30 mA typ. 

® No external TTL input pull-up resistors 
required 

® High speed drive of large data bus 
capacitances 

® Input/output and power supply terminals 
located for ease of PC board layout 


buffers in this device have high output sink 
and source current capability and can drive 
the data bus capacitance with a transition 
time of approximately 0.1 ns/pF. This fast 
Output transition time, together with the 
small propagation delay time of the device, 
allow high-speed operation. 


The CD40115 is supplied in a 22-lead 
hermetic dual-in-line ceramic package. 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE (Voltages referenced to VSS Terminal) 


Vop . 
Vcc . . . . . . 
INPUT VOLTAGE RANGE: 
Data Inputs, CMOS to TTL 
Data Inputs, TTL to CMOS 
Enable, Disable Inputs 1a 8 @ @ & 
POWER DISSIPATION PER PACKAGE (Pp): 
For Tp = —55°C to +100°C ; 
For Tq = +100 to +125°C ; os 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


For T, = Full Package- Temperature Range . 
OPERATING TEMPERATURE RANGE (Ta) . 
STORAGE TEMPERATURE RANGE (T 5 = 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance of 1/16 + 1/32 inch (1.59 + 0.79 mm) 


from case for 10 s max. 


—0.5 to +12.6 V 
—0.5 to +6 V 


~0.5 to Vpp 10.5 V 
~0.5 to Vect0.5 V 


ss 2 - & = S & 500 mW 
Derate Linearly at 12 mW/°C to 200 mW 


100 mW 


—55 to +125°C 
—65 to +150°C 


+265°C 


TRUTH TABLE 


O = Low Level 


See Operating and Handling Considerations — Bypassing and 


Unused Inputs. 


0 | 0 | Convert CMOS Level to TTL Level 
[1 | 1 | Convert TTL Level to CMOS Level 
[0 [1 High impedance (2) 
[10 idiwane® 


1 = High Level 
Z = High Impedance on CMOS Output side; TTL side are inputs. 
INVALID = Both CMOS and TTL sides are ON as outputs. 


CD40115 


DISABLE 


92CS- 30246 


Functional Diagram 


Applications: 

® Interface CMOS microprocessor with 
TTL memories and peripheral devices 

® Interface between and within logic 
systems which combine CMOS 
and TTL devices 


Voo ! 

5 Al 2 
- 
. A2 3 > 
3 | a3 4 rs 
“ > 
5 1A4 5 g 
s7] a5 6 > 
A6 7 4 
o A7 8 : 
= - 
o | AB = 
ENABLE DISABLE 
Vss 
TOP VIEW 
NC = NO CONNECTION 
92CS- 30245 


TERMINAL ASSIGNMENT 


* Excessively high currents from Vpp to Vssg could flow 
in this mode during power turn-on or turn-off if other 
IC’s drive into the bus lines (on either the TTL or CMOS 
side). This high current condition could occur during a 


transient or steady-state invalid mode. 
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VoD 


DISABLE 


LEVEL 
SHIFTER 


Q Bl 
LEVEL TTL 
CMOS O~| SHIFTER OUTPUT (INPUT) 
INPUT (OUTPUT) 5 
C 21 (20,19, 18, 
2(3,4,5,6, 0 LEVEL 17, 16,15, 14) 
7,8, SHIFTER 
Vss 
Vss 1OF 8 IDENTICAL CIRCUITS Vsg ENABLE AND DISABLE ARE 
TTL TYPE INPUTS 
|__Input (Output) | _Output (Input) _| D AND E OUTPUTS ARE 
Data _| Terminal No. | Data_| COMMON TO ALL 8 CHANNELS 
Al BI 


92CM- 30247 


Fig. 1 — Functional block diagram. 


STATIC ELECTRICAL CHARACTERISTICS At Ta = 25°C, Vpp = 12 V, Voc =5 V 


TYPICAL 
CHARACTERISTIC TEST CONDITIONS VALUES | UNIT 


Data Flow — CMOS Inputs to TTL Outputs 


Quiescent Device Current, 
From Vpp Supply, 


From Vcc Supply, 


H 


Input Current, 
Output Current, 


i 
© 
S) 
Ss 
> 
5 
< 
2) 
= 
O 
”n 
= 
o 
= 
I+ 
on 
on) 
3 JEJE 3 


Quiescent Device Current, 
From Vpp Supply, 


From Vcc Supply, C 
Input Current, ne —250 
NH Vipz2.3 V; Any TTL input —50 
Output Current, |IOH =|YQH=11.5 V, Vj, =0.7 V 
20 


VoL=0.5 V, Vipy=2.3 V 


CMOS 3-State Output Leakage 
Current, lout [Vo=0,12 V, Vin=0.5 V +50 mu 


Enable and Disable Inputs 


LA 


=| 
> 


r 
> 


> 


> 


Input Current, 


ViH=2.3 V (TTL) 
Vipzl2 V (CMOS) 


DYNAMIC ELECTRICAL CHARACTERISTICS At T, = 25°C, Vpp = 12 V, Veg =5 V 


TEST CONDITIONS | TYPICAL VALUES 


CMOS TK 10 
TTL CMOS 30 
35 


Propagation Delay Times, 
Data-!In to Data-Out, 
‘PHL: tPLH 
Enable or Disable to 
Data-Out, 


'PHZ: tPZH- tPLZ: tPZL 


Transition Time, tTHL: tTLH CMOS a ig 
TTE CMOS 


CMOS High-Speed 8-Bit 
Bidirectional CMOS/TTL 
Interface Level Converter 


Features: 


a Eight inverting channels with conversion from Vpp to 
Voc or Vcc to Vpp 
(4V<Vpp < 12 Vand4V< Vcc <Vpp) 
= Three operating modes: 
CMOS-to-TTL level conversion 
TTL-to-CMOS level conversion 
Interface off; high-impedance on both sides 


The RCA-CD40116 is a high-speed 8-bit integrated circuit 
designed to interface CMOS logic levels with TTL logic 
levels on the data bus of microprocessor-based systems. 
CMOS/TTL interface is provided by eight parallel 
bidirectional buffer/level converters. Buffer 
INPUT/OUTPUT terminals are either inputs or outputs 
depending on the desired direction of data flow. 


A low level on the DISABLE input with the ENABLE input 
either high or low, permits conversion of CMOS inputs to 
TTL outputs. A high level on both the DISABLE and 
ENABLE inputs permits data flow from TTL inputs to CMOS 
outputs. A low level on the ENABLE input and a high level 
on the DISABLE input sets both inputs/outputs to the high- 
impedance state. 


The TTL Input/Output terminals and the ENABLE and 
DISABLE control inputs are TTL-compatible without the 
use of external pull-up resistors. The TTL input logic 0 to 
logic 1 transition occurs at a level of approximately 1.5 volts. 
The ENABLE and DISABLE inputs may be driven to the 
Vpop rail; therefore, either TTL or CMOS logic drivers, 
capable of sinking one TTL load, may be used to determine 
the direction of data flow. The large CMOS and TTL output 
buffers in this device have high output sink and source 
Current capability and can drive the data bus capacitance 
with atransition time of approximately 0.25 ns/pF. This fast 
output transition time, together with the small propagation 
delay time of the device, allow high-speed operation. 


Pin 12 is an additional Vss Pin which is connected directly 
to the TTL-to-CMOS converters to avoid oscillation in these 
amplifiers. Pin 12 is connected to Pin 11 through a poly 
resistor which isolated Pin 12 from Vsg switching noise 
(groung noise). 


The CD40116 is supplied in a 22-lead hermetic dual-in-line 
ceramic package (D suffix), 22-lead plastic package (E 
suffix), and in chip form (H suffix). 
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DISABLE 
13 


CMOS 
IN(OUT) 


: 92CS -32569RI 
Vgg tll, 12 


Functional Diagram 


= Low propagation delay time: 
CMOS-to-TTL conversion - 25 ns typ. 
TTL-to-CMOS conversion - 30 ns typ. 
(VDD = 12 V, Voc = 5 V) 
High TTL sink current - 11 mA typ. 
No external TTL input pull-up resistors required 
High speed drive of large data bus Capacitances 
Input/output and power supply terminals located for 
ease of PC board layout 


Applications: 


# Interface CMOS microprocessor with TTL memories 


and peripheral devices 


=» Interface between and within logic systems which 


combine CMOS and TTL devices 


| 
2 
3 5 
4 2 
> 
5 3 
bs 
6 5 
7 3 
8 al 
- 
- 
DISABLE 
TOP VIEW 
92CS- 30245 


TERMINAL ASSIGNMENT 


689 


CD40116 Types 


690 


MAXIMUM RATINGS, Absol/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE (Voltage reference to Vss Terminal) 


WES 6 veh eres seu bens Kbarnd ys dba Ee ehea beck g HsGsnne nas ees-neG Aes eawaGa oun eus esos sie oy toeuses ware restesatarrars -0.5 to + 12.6 V" 

WG 46 cree Wacohpetnarsandond a1 si ees bbaatteanieemaradip ous eded aru sakes sennsead Caaupads boacaedteeennaeousesabaws -0.5 to Vpop 
INPUT VOLTAGE RANGE: 

OTe te le 1's cugecawneqecacuce aadax bowser pee atuldivan tans beseeserereaceananncaeeeetensctpenars -0.5 to Vpop + 0.5 V 

ate IRs, TIO CMOS i oii 050-4 b0555 00 604 0b he de ds 8 eed Ede HERS OE SEER CORD NOERCED LE Oe WRwN SER baHe de urs -0.5 to Voc + 0.5 V 

SADC, DISAOIS (NDING « pichuees cach chess oc cacuninnrbneas duduvad donb dwscass Guanine wome edetesieee tedessne an -0.5 to Vpp + 0.5 V 
POWER DISSIPATION PER PACKAGE (Pp): 

POr BAe wie Oo (Oe BO Ce jive, sec ceah cae rew hd hava uh db epee us ee ook dds ove ede ance ee inka xee0ls Gnokiwhwa ke eepews 500 mW 

ror (A= +60" Cio 65°C (E) avec dceccese saeauaedun anes sim caewaestocbheosednsanetouwes Derate linearly at 12 mW/°C to 200 mW 

Per A= 9006 10 100 1) dr iccaues dace cpeaiens cad ge beded epee Seen eeu oe heen GES OO RGdEO CIN ERR ea coe rdands Lee ed eEde bees 500 mW 

FOr Fa P70) 18 4 CD) au our enne nds baseabad RaGNwen bWantecseds ce eniee Sout ni otnsans Derate linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

rot 1A > Ful Pacrage~t emiperature Range: 5 2:45i5a00000e seine. dened soos 08 ebee suse ooks. oo vee dieses eed ewege~ebavea exe 100 mW 
OPERATING TEMPERATURE RANGE (Ta) 

Peas Cy Os cana it bcue cee ke be he e550 55s dehe un be reo cue 450s G6 KE doee rasa a esheets Reuwaee ye er ese ne aweredee® -55 to + 125°C 

PaO Os VOC 2 os ans se upar ee eua vine Shoe ras deen dCCRVHE Sh ads eee Chee ones de Kees kena etee ne betas ese tenrbencet -40 to + 85°C 
STORAGE TEMPERATURE RANGE (Totg).-..-- 0-02 reeneces sn cen eee seneteeneeeraeneeneeseeeneseseeen cen eetenne -65 to + 150°C 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance of 1/16 + 1/32 inch (1.59 + 0.79 mm) 
SP ae Far 10 SS ce oc eh ace eae 6 hehe bh oh eh ee wh ae a ee hk OR OREN eee sen Ee aew eee canonama cea eee ws + 265°C 


“At 125°C Vpp should not exceed +12 V. 


DISABLE 
BI 5 
Al TTL 13 
MOS OUTPUT (INPUT) 
INPUT (OUTPUT) 
0 O 
21 (20,19, 18, 
2(3,4,5,6, LEVEL 17, 16,15, 14) Vss 
7, 8,9) SHIFTER - 


ENABLE 
8 


Yss 


Vss 
S 1OF 8 IDENTICAL CIRCUITS Vsg ENABLE AND DISABLE ARE 
TTL TYPE INPUTS 


D AND E OUTPUTS ARE 
COMMON TO ALL 8 CHANNELS 


92CM-32570 


Fig. 1 - Functional block diagram. 


TRUTH TABLE 


ae a 
cs 


0 = Low Level 1 = High Level X = Don't Care 


Z = High Impedance on both CMOS and TTL sides. 


See Operating and Handling Considerations — Bypassing and 
Unused Inputs. 
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Vec 


TTL 
1/0 TTL TO 
21(20,19,18,17,16 15,14) ) CMOS # 
CONVERTER 


CMOS 
I/0 


2(3,4,5,6,7,8,9) 


D 


CONVERT CMOS TO TTL 
CONVERT TTL TO CMOS 
HIGH IMPED. (Z) 


DISABLE = 0 
| TTL TO | 
(13) CMOS # P >o—| >o~ ped pee D 


Vv CONVERTER 
DD 


('9) MOS > be: = E 
CMOS # 3 2 . >? 
{ CONVERTER 
WHEN "F"IS HIGH IT STOPS 
> ( ) 


CURRENT FLOW THROUGH 


ue TTL TO CMOS CONVERT 
vp = # PROPRIETARY CIRCUIT a 


- Fig. 2 - Logic diagram tor CD40116. 92CM~-34534RI 


CHARACTERISTIC TEST 
CONDITIONS 


Quiescent Device Current, ENABLE = 1 
From Vpp Supply, ae MAX | ENABLE = 0 
a 


Values at -55, +25, +125 for D, H Packages 
Values at -40, +25, +85 for E Packages 


TYP. | MAX. _| 


cain ve 

5 1 
sf] os | s | = | oe 
| 200 | 200 | — 


From Voc Supply, MAX ae 1 


Data Flow — CMOS in a to TTL Outputs 


Input Current, linn MAX ae = 0, 12 V; 
CMOS input - 


Output Current, IOH MIN 


5 
5 


£60 =p= [TT 
TTL 3-State Output Leakage ENABLE = 1 -500 -500 -500 -500 pe -500 
Current IOUT MAX | ENABLE = 0 +100 | +100 | +100 | +100 +100 


Data Flow — TTL Inputs to CMOS Outputs 


lou MIN 


UA 
UA 
UA 
mA 


Input Current, 11. MAX -500 -500 -500 -250 -500 
11H MAX -350 -350 -350 =li5 -350 
l1H MAX +100 +100 +100 +100 

Output Current, IOH MIN 
loL MIN 


“leakage Current. ets [ape pa 
Leakage Current !QUT MAX VIN ,5V - 


Vit = 0 to 0.7 V -500 -500 -500 -250 -500 
Vins = 2.3 (TTL) -350 ~350 -350 -175 -350 
ViH = 12 V (CMOS) 


wo 
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CHARACTERISTIC 


Propagation Delay Times, 
Data-In to Data-Out, 


tPHL, tPLH 


Disable to TTL Out, 


tPHZ/LZ 
tPZH/ZL 


Enable to CMOS Out, 


tPHZ/LZ 
tPZH/ZL 


Transition Time, 
tTHL: tTLH 


=25C SHE 
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0 25.45 75 10 2 
DRAIN -TO- SOURCE VOLTAGE (Vps)-Vv 
92CS-34535 


Fig. 3 - Typical N-Channel output low (sink) 
currentcharacteristics - CMOS to TTL. 


AMBIENT TEMPERATURE (T,)= 25°C ae 
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Fig.5-Minimum N-Channel output low 
(sink) current characteristics - CMOS 


DYNAMIC ELECTRICAL CHARACTERISTICS AT Tag = 25°C; Vpp = 12 V, Voc = 5 V 
TEST CONDITIONS LIMITS 


UNITS 


AMBIENT TEMPERATURE (Tale = 29C 
uaueses 
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DRAIN- TO - SOURCE VOLTAGE ( Vpg)—V 
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Fig. 4 - Typical output low (sink) current 
characteristics - TTL to!|CMOS. 


AMBIENT TEMPERATURE (T,)= 28C++4+++++ +++ HHH 

BOR SARE RRS EBeeS 
See SeGeeGeSeGGRGGCGGS0C00ceSecsssussssssssces¢ 
Suecsss tease ttt tt aa 


SeSSeEsTseer are: TO- SOURCE VTS a9 slzv) £ 
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OUTPUT LOW (SINK) CURRENT (Io, )—mA 


6 
DRAIN- TO - SOURCE VOLTAGE ( Vps)—V 
92CS-34536 


Fig. 6 - Minimum output low (sink) current 
characteristics - TTL tol CMOS. 


DRAIN- TO - SOURCE VOLTAGE ( Vpg)—V 


GH (SOURCE) CURR 


OUTPUT HI 


92CS-34539 


Fig. 7- Typical P-channel output high 


(source) current characteristics - CMOS 


to TTL. 


DRAIN-TO-SOURCE VOLTAGE (Vps)-V 


OUTPUT HIGH (SOURCE) CURRENT (IonH)-mA 


eseer. 
e>-— 288 


92CS- 34541 


Fig. 9- Minimum P-Channel output high 
(source) current characteristic - CMOS 
io TTL: 


AMBIENT TEMPERATURE (Ta) = 25°C 
SUPPLY VOLTAGES Vpp=!2V, Vec=5V 


tpiH)—ns 


a 

x 
240 
W 
= 
- 


DATA-IN TO DATA-OUT PROPAGATION DELAY 
w 
fe, 


50 100 150 200 
LOAD CAPACITANCE (CL)—pF sg ac5 34543 


Fig. 11 - Typical DATA-IN to DATA-OUT 
propagation delay as a function of load 


capacitance. 
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Fig. 8 - Typical output high (source) current 
characteristics - TTL to CMOS. 


DRAIN-TO- SOURCE VOLTAGE (Vpg)-V 
-15 -10 a) ie} 
v 


PH 


OUTPUT HIGH (SOURCE) CURRENT (Io, )-mA 


92CS-34542 


Fig. 10 - Minimum output high (source) 


current characteristics - TTL to CMOS. 
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Fig. 12 - Typical transition time as a function 
of load capacitance CMOS-to-TTL or 
TTL-to-CMOS. 
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AMBIENT TEMPERATURE (T, )= 25°C =. 


= | ty 
[ Bil eae es 
: CCA TT 
Ee 
PCE Feet Er 
eis S eo eo ee 
: 2 Conc eT 
€ TCL 
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PTI Wo UE ET aE TT TT 
0.001 ; “100 2 4 68 2 4 68 2 4 68 2 468 2468 
Se ti MHz ai a os ‘i a 
sence wik FREQUENCY (f)— MHz soce-eussa 
Fig. 13 - Power dissipation as a function of Fig. 14 - Power dissipation as a function of 
frequency - CMOS to TTL. frequency - TTL to CMOS. 


at =I0 
(0.102-0.254 


109 —I17 
(2.769-2.971) 


92CM-34547 


Dimensions in parentheses are in millimeters and are derived from 
the basis inch dimensions as indicated. Grid graduations are in 
mils (1073 inch). 


The photographs and dimensions of each CMOS chip representa 
chip when it is part of the wafer. When the wafer is separated into 
individual chips, the angle of cleavage may vary with respect to 
the chip face for different chips. The actual dimensions of the 
isolated chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance of —3 
mils to +16 mils applicable to the nominal dimensions shown. 


Dimensions and Pad Layout for CD40116H 
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RCA High-Reliability CMOS IC’s 


MIL-M-38510 CD4000-Series CMOS IC’s 


The purpose of the MIL-M-38510 program is to achieve 
standardization among integrated-circuit suppliers and to as- 
sure delivery of devices whose long-term life will satisfy the 
requirements of the system for which they are intended. Three 
reliability classes — S, B, and C — are described in 
MIL-M-38510; the screening tests for these reliability classes 
are performed according to MIL-STD-883, Method 5004. 
Class S devices are of the highest reliability level and are in- 
tended for critical applications where replacement of compo- 
nents is not practical. 

The qualification and quality conformance tests delineated 
in MIL-STD-883, Method 5005 are accelerated stress tests 
that subject devices to stress levels greater than those nor- 


RCA JAN Qualified-Parts Listing as of Jan. 1982 


RCA 
Type 


| Available JAN Devices | JAN a 


Detail Specification 


MIL-M-38510/5001 |CD4011A 
CD4012A 
CD4023A 
CD4011B 
CD4012B 


CD4023B 


CD4013A 
CD4027A 
CD4043A 
CD4013B 
CD4027B 
CD4043B 


CD4000A 
CD4001A 
CD4002A 
CD4025A 
CD4000B 
CD4001B 
CD4002B 
CD40258 


CD4007A 
CD4019A 
CD4030A 
CD4048A 
CD4007B 
CD4019B 
CD4030B 
CD4048B 


MIL-M-38510/5401 | CD4008A 
51 | CD4008B 


MIL-M-38510/5501 | CD4009A 
02 | CD4010A 
03 | CD4049A 
04 | CD4050A 
05 | CD4041A 
51 | CD4009UB 
52 | CD4010B 
53 | CD4049UB 
54 | CD4050B 
55 | CD4041B 


MIL-M-38510/5601 | CD4017A 
CD4018A 
CD4020A 
CD4022A 
CD4024A 
CD4017B 
CD4018B 
CD4020B 
CD4022B 
CD4024B 


P = proposed qual. 


>Yr VUVY YY 


TU 


UPpryprrr vdvdv 


Uv 


A = available 


mally experienced in a typical application. These tests consist 
of: Group A, Electrical; Group B, Package and Internal Me- 
chanical Strength; Group C, Indicators of Long Term Reliabil- 
ity; and Group D for package and chip. Both qualification de- 
vices and a sample of devices from the production line are 
subjected to this series of accelerated tests. The tests per- 
formed on the qualification devices are called qualification 
tests; the tests performed on production-line devices after a 
specific type has been qualified are called conformance tests. 
Electrical end-point limits for the tests are defined by 
MIL-M-38510 and are more demanding of CMOS than of TTL. 
DC parameters are measured at -55°C, + 25°C, and + 125°C. 


Available | Available JAN Devices _| alice 


RCA 
Detail Specification Type 
Rad Si 


MIL-M-38510/5701 |CD4006A 
CD4014A 
CD4015A 
CD4021A 
CD4031A 
CD4034A 
CD4006B 
CD4014B 
CD4015B 
CD4021B 
CD4031B 
CD4034B 


CD4016A 
CD4066A 
CD4016B 
CD4066B 


MIL-M-38510/5901 | CD4028A 
51 | CD4028B 


MIL-M-38510/17001 | CD4081B 
02 | CD4082B 
03 | CD4073B 


MIL-M-38510/17101 | CD4071B 
02 | CD4072B 
03 | CD4075B 


MIL-M-38510/17201 | CD4085B 
CD4086B 
CD4070B 
CD4077B 


CD4514B 
CD4515B 
CD4532B 
CD4555B 
CD4556B 


MIL-M-38510/17401 | CD4069UB 
02 | CD40107B 
03 | CD4502B 
04 | CD40109B 


MIL-M-38510/17501 | CD4076B 
CD4095B 
CD4096B 
CD4098B 
CD40174B 


MIL-M-38510/17601 | CD4099B 
02 | COD4508B 

MIL-M-38510/17701 | CD4093B 
02 | CD40106B 

MIL-M-38510/17801 | CD4067B 


02 | CD4097B 
03 | CD40257B 


rrrrprrpryp rrY 
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RCA High-Reliability CMOS IC’s 


Standard-Product and Special Custom High-Reliability IC’s 


RCA offers high-reliability versions of virtually its entire line of | and others who procure types to Class S specifications. 
standard-product integrated circuits from the CD4000 series RCA maintains an extensive computer file of customer 
of CMOS digital logic types to the CDP1800 series specifications and has the methodology required to translate 
microprocessor, associated memory, and input/output (I/O) these customized specifications into internal RCA standards 
types. These integrated circuits are processed and screened and factory operating procedures. In addition to the detailed 
to MIL-STD-883 Class B requirements. device specifications, the computer file lists the customer 
RCA also offers high-reliability versions of standard- specification number, any revision number, and the RCA cus- 
product types that are processed and screened to special tom number assigned to a specific device type. 
customized specifications, especially for the aerospace user 


RCA MIL-STD-883 Slash-Series CMOS IC’s 


RCA high-reliability slash-series CMOS products include both supplies high-reliability chips. These chips are provided to two 
CD4000-series digital logic types and CDP1800-series screening levels, /S (or /R for LSI types) and /M. 
microprocessor and memory-system types. The CD4000- RCA CD4000-series level /1S packaged devices and /S 
series parts are provided to three screening levels—/1S, /3, chips are also available in radiation-hardened versions. 
and /3W—that correspond to MIL-STD-883, Method 5004, These parts are processed to either 10° or 10° rads(Si) and 
Classes S and B requirements. The CDP1800-series parts are identified by addition of a“ Z’ or a “J” suffix letter, respec- 
are supplied to levels /3 and /3W. Equivalent aerospace level _ tively, to the device type number (see nomenclature diagram 
screening may be negotiated on a custom basis. RCA also on following page). 


Screening Levels for RCA MIL-STD-883 Slash-Series CMOS Integrated Circuits 


Screening Levels Application Description 


RCA MIL-STD-883, 
Levels Method 5004 Format 


Packaged Devices (D, F, K, or L Suffix) 


/1S Class S with SEM Inspection and 
Condition A Precap Visual 
Inspection 


/1R* Class S with SEM Inspection and 
Condition B Precap Visual In- 


spection (for LSI types) 


For devices intended for use 
where maintenance and replace- 
ment are impossible and reli- 

ability is imperative 


Aerospace and Missiles 


Same as /1S or /1R + Radiation 
Hardened to 10° rads(Si) 


Same as /1S or /1R + Radiation 
Hardened to 10° rads(Si) 


/3 Class B 


/3W¥t Class B with High- and Low- 
Temperature DC and Dynamic 
Testing omitted 


/1SJ or /1RJ* 


/1SZ or /1RZ* 


Military and Industrial 
For example, In Air- 
borne Electronics 


For devices intended for use 
where maintenance and replace- 
ment can be performed but are 

difficult and expensive 


Chips (H Suffix) 


/S SEM Inspection and Condition A 
Visual Inspection 


/R* SEM Inspection and Condition B 
Visual Inspection (for LSI 


types) 


For hybrid applications where 
maintenance and replacement 
are extremely difficult and 


Aerospace and Missiles 


/SJ or /RJ* Same as /S or /R+* Radiation 
Hardened to 10° rads(Si) 


reliability 1S imperative 
/SZ or /RZ* Same as /S or /R+ Radiation 
Hardened to 10° rads(Si) 


/M Condition B Precap Visual 
Inspection Military and Industrial For general applications 


*/1R or /R screening is used instead of /1S or /S screening for LSI circuits for which their large size makes the Condition A Precap Visual 
Inspection impractical 


+ /3W Screening of CDP1800-series includes dynamic testing at 25°C. 
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Nomenclature for High-Reliability CMOS IC’s 


The type number for RCA slash-series CMOS integrated cir- 
Cuits identifies not only the basic device, but also the 
screening level, package, and lead finish. The package is 
identified by addition of a suffix letter D (dual-in-line welded- 
seal ceramic), F (dual-in-line frit-seal ceramic), K (ceramic flat 
pack), or H (chips) to the basic type number. The screening 
level is identified by addition of /1S;/1R, /3, /3W for packaged 


devices or /S, /R, or /M for chips. A J or Z suffix to level /1S or 
/S parts indicates radiation-hardened devices. 


Similarly, the MIL-M-38510 type number is a guide to the 
detailed electrical specification, the basic device type, the reli- 
ability class, and lead finish. 


Guide to the reliability class, package, and radiation-hardness assurance level of 
RCA high-reliability (slash-series) CMOS integrated circuits processed to 
MIL-STD-883 Format. 


CD4000BD/1SJ 


WHEN USED, INDICATES 
RADIATION-HARDENED TYPES. 


/1S = CLASS S CONDITION A PRECAP J = 106 rads Si 
Z = 1095 rads Si 


PART NUMBER 


CD4000B 
CDP1800 


PACKAGE DESIGNATION 


D = DUAL-IN-LINE 
METAL-SEAL CERAMIC 

K = FLAT PACK 

F = DUAL-IN-LINE 
FRIT-SEAL CERAMIC 

L = LEADLESS-CHIP - 

CARRIER CERAMIC 


VISUAL + SEM INSPECTION 

CLASS S CONDITION B PRECAP 
VISUAL + SEM INSPECTION 

CLASS B 

CLASS B WITHOUT HIGH-AND LOW- 
TEMPERATURE DC AND 

DYNAMIC TESTING 


/1R = 


CLASSES S AND B ARE REFERENCED TO 

MIL-STD-883 METHOD 5004. LEVEL 

/1R SCREENING IS USED INSTEAD OF 

LEVEL /1S SCREENING FOR LSI CIRCUITS 

THAT ARE SO LARGE THAT CONDITION A 
PRECAP VISUAL INSPECTION IS IMPRAC- 
TICAL. 


/3W SCREENING OF CDP1800 SERIES INCLUDES 92CM- 34476 


DYNAMIC TESTING AT +25°C. 


Guide to the reliability class, package, lead finish, radiation-hardness assurance 
level, and electrostatic sensitivity of RCA high-reliability CMOS integrated circuits 
processed in accordance with MIL-M-38510. 


JM38510/05101 SCB* 


GENERAL SPECIFICATION 


DETAIL SPECIFICATIONS SPECIFIC DEVICE DEVICE CLASS PACKAGE OUTLINE 


/050 = STANDARD CD4000 01 1S THE C = 14 TERMINAL DUAL-IN-LINE - aa 
SERIES CD4013 Y = 14 TERMINAL FLAT PACK. C = GOLD 
/170 = HIGH-VOLTAGE CD4000 (1/4” X 3/8”) 
SERIES E = 16 TERMINAL DUAL-IN-LINE 
/470 = MICROPROCESSORS AND Z= 16 TERMINAL FLAT PACK 


MEMORIES 


(1/4” & 3/8") 


OR AS DEFINED IN 
DETAIL SPECIFICATIO’ S 


*NOTE: RADIATION AND ELECTROSTATIC-DISCHARGE-SENSITIVITY IDENTIFIERS HAVE 
NOT BEEN FORMALIZED AS OF MID 1981. SEE CURRENT ISSUE OF MIL-M-38510 
FOR REQUIREMENTS. 
PACKAGE OUTLINES Y AND Z HAVE PACKAGE “A” DIMENSION OF 100 MILS AND 
ARE IN DETAILED SPECIFICATIONS. 
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LEAD FINISH 


RCA High-Reliability CMOS IC’s 


High-Voltage CD4000B-Series CMOS IC’s 


No. of No. of 
Type No. Description Leads Type No. Description Leads 


CD4000B 
CD4000UB 
CD4001B 
CD4001UB 
CD4002B 


CD4002UB 
CD4006B 
CD4007UB 


CD4008B 


CD4009UB 


CD4010B 
CD4011B 
CD4011UB 
CD4012B 
CD4012UB 


CD4013B 


CD4014B 
CD4015B 
CD4016B 
CD4017B 


CD4018B 
CD4019B 
CD4020B 
CD4021B 
CD4022B 


CD4023B 
CD4023UB 
CD4024B 
CD4025B 
CD4025UB 


CD4026B 
CD4027B 


CD4028B 
CD4029B 
CD4030B 


CD4031B 
CD4033B 
CD4034B 
CD4035B 


CD4040B 
CD4041UB 
CD4042B 
CD4043B 


CD4044B 


CD4045B 
CD4046B 


CD4047B 
CD4048B 


CD4049UB 
CD4050B 


CD4051B 
CD4052B 
CD4053B 
CD4060B 


CD4063B 


Dual 3-input NOR gate plus inverter 

Duat 3-input NOR gate plus inverter 

Quad 2-input NOR gate 

Quad 2-input NOR gate 

Dual 4-input NOR gate 

Dual 4-input NOR gate 

18-stage static shift register 

Dual complementary pair plus 
inverter 

4-bit full adder with paraliel 
Carry-Out 

Hex buffer/converter (inverting) 


Hex buffer/converter (non-inverting) 
Quad 2-input NAND gate 
Quad 2-input NAND gate 
Dual 4-input NAND gate 
Dual 4-input NAND gate 


Dual “D” flip-flop with set/reset 
Capability 

8-stage static shift register 

Dual 4-stage static shift register 

Quad bilateral switch 

Decade counter/divider 


Presettable divide-by “N° counter 
Quac AND/OR select gate 
14-stage Binary Ripple Counter 
8-stage static shift register 
Divide-by-8 counter/divider 
Triple 3-input NAND gate 

Triple 3-input NAND gate 
7-stage binary ripple counter 
Triple 3-input NOR gate 

Triple 3-input NOR gate 


Decade counter/divider 

Dual “J-K” flip-flop with set, reset 
Capability 

BCD-to-decimal decoder 


| Presettable up/down counter 


Quad exclusive-OR gate 


64-stage static shift register 

Decade counter/divider 

8-stage static shift register 

4-stage parallel-in/parallel-out 
shift register 

12-stage binary ripple counter 

Quad true/complement buffer 

Quad clocked “D" latch 

Quad NOR R/S latch (3-state 
Outputs) 

Quad NAND R/S latch (3-state 
outputs) 

21-stage timer 


Micropower phase-locked loop 

Monostable/astable multivibrator 

Multifunctional expandable 8-input 
gate (3-state output) 

Hex buffer/converter (inverting) 

Hex buffer/converter (non-inverting) 


8-channel analog multiplexer/ 
demultiplexer 

4-channel! analog multiplexer/ 
demultiplexer 

Triple 2-channel analog multiplexer/ 
demultiplexer 

14-stage binary ripple counter/ 
divider and oscillator 

4-bit magnitude comparator 


CD4066B 
CD4067B 


CD4068B 


CD4069UB 


CD4070B 
CD4071B 
CD4072B 
CD4073B 
CD4075B 


CD4076B 
CD4077B 
CD4078B 
CD4081B 
CD4082B 


CD4085B 
CD4086B 


CD4089B 
CD4093B 


CD4094B 
CD4095B 


CD4096B 
CD4097B 


CD4098B 
CD4099B 


CD4502B 
CD4503B 
CD4508B 
CD4510B 


CD4511B 
CD4512B 
CD4514B 
CD4515B 
CD4516B 
CD4517B 


CD4518B 
CD4520B 
CD4527B 
CD4532B 
CD4536B 
CD4538B 


CD4555B 


CD4556B 


CD4585B 
CD4724B 
CD40100B 
CD40101B 
CD40102B 


CD40103B 
CD40104B 


CD40105B 


Quad bilateral switch 
16-channel analog multiplexers/ 
demultiplexers 


8-input NAND/AND gate 
Hex inverter 


Quad exclusive-OR gate 
Quad 2-input OR gate 
Dual 4-input OR gate 
Triple 3-input AND gate 
Triple 3-input OR gate 


4-bit “D" flip-flop (3-state outputs) 
Quad exclusive-NOR gate 

8-input NOR/OR gate 

Quad 2-input AND gate 

Dual 4-input AND gate 


Dual 2-wide, 2-input AND/OR 
INVERT (AO1) gate 

Expandable 4-wide, 2-input 
AND/OR/INVERT (AQ1) gate 

Binary rate multiplier 

Quad 2-input NAND Schmitt 
Trigger 

8-stage shift-and-store bus register 

Gated “J-K" flip-flop (non-inverting) 


Gated “J-K” flip-flop (inverting 
and non-inverting) 

8-channel analog multiplexer/ 
demultiplexer 

Dual monostable multivibrator 

8-bit addressable latch 


Strobed hex inverter/buffer 

Hex buffer (non-inverting) 

Dual 4-bit latch 

Presettable 4-bit BCD up/down 
counter 

BCD-to-7-segment latch decoder/ 
driver 

8-channel data selector (3-state 
output) 

4-bit latch/4-to-16 line decoder 
(outputs low) 

4-bit latch/4-to-16 line decoder 
(outputs low) 

Presettable 4-bit binary up/down 
counter 

Dual 64-bit shift register 

Dual BCD up counter 

Dual binary up counter 


BCD rate multiplier 

8-input priority encoder 

Programmable timer 

Dual precision monostable 
multivibrator 

Dual 1-of-4 decoder/demultiplexer 
(outputs high) 

Dual 1-of-4 decoder/demultiplexer 
(outputs low) 

4-bit magnitude comparator 

8-bit addressable latch 

32-bit left/right shift register 

9-bit parity generator/checker 

Presettable 2-decade BCD down 
counter 

Presettable 8-bit binary down 
counter 

4-bit bidirectional universal 
shift register 

4-bit x 16 word FiFo buffer register 


699 


700 


RCA High-Reliability CMOS IC’s 


High-Voltage CD4000B-Series CMOS IC’s (Cont'd) 


No. of 
Type No. Description Leads 


CD40106B 
CD40107B 
CD40108B 


CD40109B 
CD40110B 


Hex Schmitt Trigger 
Dual 2-input NAND buffer/driver 
4 x 4 multiport register 


Quad low-to-high voltage interface 
Decade up/down counter/ 
decoder/latch/driver 


CD40147B | 10-line to 4-line BCD priority encoder 


CD40160B 


Decade counter with asynchronous 
Clear 

Binary counter with asynchronous 
Clear 

Decade counter with synchronous 
clear 


CD40161B 
CD40162B 


Note: 


No. of 
Type No. Description Leads 


CD40163B_ Binary counter with synchronous 
Clear 

Hex “D” flip-flop 

4-bit arithmetic logic unit 

Look-ahead-carry block 


Presettable 4-bit BCD up/down 
counter 

Presettable 4-bit binary up/down 
counter 

4-bit bidirectional universal 
shift register 

4 x 4 multiport register 

Quad 2-line-to-1-line data selector 


CD40174B 
CD40181B 
CD40182B 


CD40192B 
CD40193B 
CD40194B 


CD40208B 
CD40257B 


RCA also offers high-reliability versions of a number of the A-series (3 to 12V) counterparts (CD4000A through CD4050A and CD4060A) of the 
high-voltage B-series types listed above and of several A-series types for which there are no corresponding B-series types (i.e. CD4036A and CD4039A 


RAM's, CD4057 A ALU, and CD4059A programmable divide-by-N counter) 


Radiation-Resistant CD4000-Series CMOS IC’s 


RCA offers radiation-hardened CD4000-series CMOS inte- 
grated circuits capable of withstanding total ionizing radiation 
dosages of 10° rads(Si)—Z-suffix types—or 10° rads(Si)—J- 

suffix types. These radiation-hardened types are processed 
to either MIL-M-38510 Class S or MIL-STD-883 level /1S. In 
addition, these types are subjected to special process con- 
trols in which their radiation tolerance is monitored. Samples 
are exposed to specified total radiation dosages from a Cobalt 
60 source, pre- and post-radiation measurements are made 
of threshold, threshold delta, leakage current, and go, no-go 
functional tests. 

The radiation resistance to the specified levels is verified by 
exposure of two packaged devices per wafer for SSI, MSI-1, 
and MSI-2 types and a varied quantity of packaged devices 
per lot for LS! types, depending on their complexity. 


2] ———__—_—.— 


n THRESHOLD 


p THRESHOLD 


THRESHOLD VOLTAGE — V 


) 0.5 1.0 15 2.0 
TOTAL DOSE — 10°RADS(Si) 92CS-31443 


Typical threshold-voltage variations of RCA MEGARAD CD4000- 
series CMOS integrated circuits as a function of total-dose gamma 
radiation. 


Dimensional Outlines 


Dimensional Outlines 


Dual-In-Line Welded-Seal Ceramic Packages 


fa 0 oo { (D) SUFFIX (JEDEC MO-001-AD) 
ire 


14-Lead Dual-In-Line Welded-Seal 
SEATING PLANE es J 


Ceramic Package 
CAUCE PLANES 5 L 


INCHES MILLIMETERS 
SYMBOL NOTE 
| MIN. | MAX. | | MIN. | MAX. | 


B B 
By 0.050 ’ 
D 0.745 : 


BASE PLANE 


Setee 
i Hd 
Ss] @OTTOM VIEW 


NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) 

for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013"' (0.33 mm) 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 

gauge plane with maximum material condition and unit installed. 
. @, applies in zone Ly when unit installed. 


: r leads prior to installation. 
a applies to spread le prio emits 


. Nis the maximum quantity of lead positions. 


ann & W 


. Nq ts the quantity of allowable missing !eads. 


(D) SUFFIX (JEDEC MO-015-AG) 
24-Lead Dual-In-Line Welded-Seal 
Ceramic Package 


| SYMBOL 


BASE PLANE 


SEATING PLANE 


GAUGE PLANE 


| A 
= As 
[Bt 
By 
ie 
D 
= 
= Ey BO| 0! 
iia ey | 0.100TP 
Ey 0.600 TP 15.24 TP 
NOTES: —_ _ 0.100 | 0.180 2.54 4.57 
role ah i ables aia (JEDEC Publication No. 95) 0.000 | 0.030 0.00 0.76 
1. When this device is supplied solder-dipped, the maximum Bd Os 
lead thickness (narrow portion) will not exceed 0.013” 24 


(0.33 mm). 

2. Leads within 0.005” (0.12 mm) radius of True Position 
(TP) at gauge plane with maximum material condition 
and unit installed. 

3. ea applies in zone Lz when unit installed. 

4. o applies to spread leads prior to installation. 

5: 

6. 


0 


N is the maximum quantity of lead pasitions. 
N1 is the quantity of allowable missing leads. 


(D) SUFFIX (JEDEC MO-001-AE) 
16-Lead Dual-In-Line Welded-Seal 
Ceramic Package 


0.356 | 0.508 
0.89 1.65 


0.204 | 0.304 
19.93 


18.93 


7.62 8.25 
6.10 6.60 


0.100 TP 2 2.54 TP 
; 2,3 7.62 TP 


92SS-4286R5 


(D) SUFFIX (JEDEC MO-015-AH) 
28-Lead Dual-In-Line Welded-Seal 
Ceramic Package 


92CM-20250R2 


TO-5 Style Package 


(T) SUFFIX (JEDEC MO-006-AG) 
12-Lead Metal Package 


92CS-:9774 
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NOTES: 
1. Refer to Rules for Dimensioning Axial Lead Product Out- 
lines. 


2. Leads at gauge plane within 0.007” (0.178 mm) radius of 
True Position (TP) at maximum material condition. 


3. dB applies between Lj and L2. ¢B2 applies between L2 
and 0.500” (12.70 mm) from seating plane. Diameter is 
uncontrolled in L4 and beyond 0.500” (12.70 mm). 


4. Measure from Max. ¢D. 
5. N71 is the quantity of allowable missing leads. 


6. N is the maximum quantity of lead positions. 


Dimensional Outlines (Cont'd) 


UAL-IN-LINE SIDE-BRAZED CERAMIC  (D) SUFFIX (D) SUFFIX 
ACKAGES 18-Lead Dual-in-Line 22-Lead Dual-In-Line 
Side-Brazed Ceramic Package Side-Brazed Ceramic Package 


tJ 


TALLIZATION 
PTIONAL 
| 


INCHES yore | MILLIMETERS | 
| min, [ max. 
a 


vet 4 


wed ioe Searin ame | style 2.54 BSC 


= Ks Oe 


IOTES: 

. Leads within 0.005" (0.13 mm)-radius of True 
Position at maximum material condition. 

. Dimension ‘’L” to center of leads when formed 
parallel. 

. When this device is supplied solder-dipped, the 
maximum lead thickness (narrow portion) will not 
exceed 0.013” (0.33 mm). 


92CS-25186R2 


92CS-27231R1 
(D) SUFFIX (D) SUFFIX 
24-Lead Dual-in-Line 40-Lead Dual-In-Line 
Side-Brazed Ceramic Package Side-Brazed Ceramic Package 


92CS-30986R 1 


'92CM-27029R2 = 


jual-In-Line Plastic and Frit-Seal Ceramic Packages 


| MIN. [MAX. | | min. | MAX. | 


0.155 | 0.200 3.94 5.08 
0.020 | 0.050 


0.508 1.27 


B 0.014 | 0.020 0.356 0.508 
By 0.035 | 0.065 0.889 1.65 


E) SUFFIX (JEDEC MO-001-AN) 
-Lead Dual-in-Line Plastic 
Mini-DIP) Package 


tpt 


NOTES: 


| Refer to Rules for Dimensioning (JEDEC Publication No. 95) 
ease Phane A for Axial Lead Product Outlines. 
cis \ i] Cc 0.008 | 0.012 0.203 0.304 
eased AAS ed ees D 0.370 | 0.400 9.40 10.16 1. When this device ts supplied solder-dipped, the maximum lead 
GAUGE PLANE | Ay u thickness (narrow portion) will not exceed 0.013”. 


2. Leads within 0.005” (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed. 


3. @, applies in zone Lz when unit installed. 


0.300 | 0.325 
0.240 | 0.260 
0.100 TP 2 
0.300 TP 2,3 
L 0.125 | 0.150 
Lo 0.000 | 0.030 


4. a applies to spread leads prior to installation. 
5. Nis the maximum quantity of lead positions. 


6. Ny Is the quantity of allowable missing leads. 


92CS-24026RI1 
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92CS-30630 
0 

BASE PLANE : $ | Q) 
SEATING PLANE Ay ¥ 

_ as ae 
GAUGE PLANE =a 

INDEX AREA 
B) 


Dimensional Outlines (Cont’d) 


Dual-in-Line Plastic and Frit-Seal Ceramic Packages (Cont'd) 


fe D | " (E) and (F) SUFFIXES (JEDEC MO-001-AB) 


14-Lead Dual-In-Line Plastic or 
Frit-Seal Ceramic Package 
Tr, * 
are) 


BASE PLANE 


SEATING PLANE = \_ 


GAUGE PLANE | i; Ay L 
| Z | | 
Ps ‘2 


MILLIMET 
sympor | —INCHES_] yore | MILLIMETERS 
P MIN. MAX.| | MIN, Max. | 


c INDEX AREA anes 
/ 0. 0.065 1.27 65 
= N 0. 0.012 0.304 
ei | 0.770 18.93 | 19.55 
E) “ € 0.325 7.62 8.25 
6.10 | 6.60 


0.260 


NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) 

for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will nat exceed 0.013” (0.33 mm). 

2. Leads within 0.005” (0.12 mm) radius of True Position (TP) 
at gauge plane with maximum material condition and unit 
installed. 


ea applies in zone L2 when unit installed. 


92SS-4296R3 


0. 
0.065 0.090 


a applies to spread leads prior to installation. 
N is the maximum quantity of lead positions. 


on fw 


Nj is the quantity of allowable missing leads. 


(E) SUFFIX 
18-Lead Dual-in-Line 
Plastic Package 


Note | MILLIMETERS 


min. | Max. 
re lees [Tes 
0.020 | 0.050 0.508 1.27 
0.89 1.65 
22.47 


21.47 


A 


NOTES: 
Refer to Rules for Dimensioning (JEDEC Publication No. 95) 

for Axial Lead Product Outlines. 

. When this device is supplied solder-dipped, the maximum iead 
thickness (narrow portion) will not exceed 0.013’’. 

Leads within 0.005” (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed 
. @, applies in zone Lz when unit installed. 

a applies to spread leads prior to installation. 

N is the maximum quantity of lead positions. 

. Nq is the quantity of allowable missing leads. 


= 


AnawW 


(E) SUFFIX 
22-Lead Dual-In-Line 


Plastic Package 
ina NOTE Fimin. [| MAX. | 
3.94 5.08 
1.27 


0.020 | 0.050 0.508 . 
eee ee ee 
0.035 | 0.065 0.89 1.65 

baa =A ed Fd 

1.120 28.44 

isl is 

0.355 8.77 


2 
2,3 
0.125 | 0.150 3.81 
0 | 0.030 0.762 
eee eee eee 
22 
poo te | 
0.055 | 0.085 1.40 | 2.15 
0.015 | 0.060 0.381 | 1.27 
92CS-30830 


0.390 


; 10.66 
0.345 


9.01 


0.100 TP 2.54 TP 


0.400 TP 10.16 TP 


B 
B 
C 
D 
L 
L 


(E) and (F) SUFFIXES (JEDEC MO-015-AA) 
24-Lead Dual-In-Line Plastic or 
Frit-Seal Ceramic Package 


25 
580 


TP 2.54 TP 

TP 15.24 TP 
L .200 2.54 | 5.00 

.030 0.00 | 0.76 


92CS26938R2 


(E) and (F) SUF FIXES (JEDEC MO-001-AC) 
16-Lead Dual-In-Line Plastic or 
Frit-Seal Ceramic Package 


Bers | nore [MILLIMETERS 
| MIN. | MAX. | MIN, 


5.08 


YMBOL 


0.200 
0.050 


0.155 
0.020 1.27 


0.014 | 0.020 0.356 | 0.508 
0.035 | 0.065 0.89 1.65 
0.008 | 0.012 0.204 | 0.304 
0.745 | 0.785 18.93 | 19.93 
0.300 | 0.325 7.62 8.25 
0.240 | 0.260 
#4 


6.10 6.60 


0.100 TP 2.54 TP 
0.300TP | 2,3 7.62 TP 

L | 0.125 3.18 | 3.81 

Lo 0.000 | 0.76 


0.000 
| a | of 


Q, | 0.040 | 0.075 1.02 

S | 0.015 | 0.060 0.39 
92CM-I5967R4 

(F) SUFFIX (JEDEC MO-001-AG) 


16-Lead Dual-In-Line 
Frit-Seal Ceramic Package 


SYMBOL Fain AKC] NOTE MAX. 
e_|oore ome || 0b | te 
Ay 0.015 | 0.045 0.381 

0.381 0.508 
1.15 1.77 


0.229 0.279 
19.05 20.19 


0.150 
0.030 


ow 


.000 


4 | 
.254 


fs 


(E) SUFFIX 
40-Lead Dual-In-Line 
Plastic Package 


Bate 
15.24 TP 


92CS-30959 
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Dimensional Outlines (Cont'd) 


Ceramic Flat Packs 


(K) SUFFIX (JEDEC MO-004-AF) 
14-Lead 


TERMINAL ‘'N” 


0.008 | 0.100 0.21 ae 54 
noma 
0.003 0.077 0. 152 
0. oe TP ae 1.27 TP 
0.200 7.6 
Peli! Te le 
25 a ae 
0.005 | 0.050 0.13 1.27 
Hester ee 


NOTES: 


1. Refer to JEDEC Publication No. 95 for Rules for 
Dimensioning Peripheral Lead Outlines. 


2. Leads within 0.005” (0.12 mm) radius of True 
Position (TP) at maximum material condition. 


3. N is the maximum quantity of lead positions. 


4. Z and 21 determine a zone within which all body 
and lead irregularities lie. 


0.300 762 
4 0.400 10.16 
92SS-4300R3 
=| cae 
be 
o ——j A | BASE AND 
SEATING 
PLANE 
(K) SUFFIX (JEDEC MO-004-AG) (K) SUFFIX (K) SUFFIX 
16-Lead 24-Lead 28-Lead 
iL inches #5 | nore INCHES [WeHES Whore 
| MIN. | MAX. | 


see [aan Tmax OTE [mins Tmax.) 


0.21 2.54 P| 0.075 | 0.120 |} 1.91 
0.381 | 0.482 B 0.018 | 0.022 : 
0.077 | 0.152 C 0.004 | 0.007 : 
i: vt TP e 0.050 ar ; 
E 0.600 | 0.700 : 
H 1.150 | 1.350 ; 
L 0.225 | 0.325 , 
N 24 oe 
Q 0.035 | 0.070 
S 
Z 
Z1 19.05 
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Application Notes 


ICAN-6086 


Timekeeping Advances 


Through COS/MOS Technology 


by S.S. Eaton 


Most COS/MOS timing circuits consist of three basic 
parts: an oscillator, or main timing standard; some digital 
processing logic, usually in the form of frequency-dividing 
circuits; and logic-circuit drivers for mechanical or electrical 
output devices controlled by the digital processing logic. The 
oscillator is perhaps the most important because the accuracy 
of the total COS/MOS timing system is entirely dependent 
upon the accuracy of the oscillator. This Note discusses basic 
oscillator design considerations, practical COS/MOS oscil- 
lator circuits, and some typical COS/MOS timing-circuit 
applications. 


BASIC OSCILLATOR DESIGN CONSIDERATIONS 

A basic oscillator circuit consists of an amplifier and a 
feedback section, as shown in Fig. 1. For oscillation to occur, 
the gain of the amplifier times the attenuation of the 
feedback network must be greater than one. In addition, the 
total phase shift through the amplifier and feedback network 
must be equal to n times 360 degrees, where n is an integer. 
These conditions imply that oscillations occur in any system 
in which an amplified signal is returned in phase to the 
amplifier input after being attenuated less than it was 
originally amplified. In such a system, any noise present at 


180° 
PHASE SHIFT 


(GAIN = a) 


(ATTENUATION = 


FEEDBACK 
NETWORK 


180° 
PHASE SHIFT 


92CS-20505 


Fig. 1— Basic oscillator circuit. 


the amplifier input causes oscillation to build up at a rate 
determined by the loop gain, or af product, of the over-all 
circuit. 

The frequency stability of an oscillator is primarily 
dependent upon the phase-changing properties of the 
feedback network. For high stability, quartz crystals and 
tuning forks are commonly used as feedback network 
elements. The quartz crystal is the more popular because of 
its higher Q or greater inherent frequency stability. 


Selection of Crystal Operating Mode 

Fig. 2 shows the equivalent circuit of a quartz crystal, 
and Table I lists typical component values of the elements 
included in the equivalent circuit for different crystal cuts 
and operating frequencies. The basic circuit can be resolved 
into equivalent resistive (Re) and reactive (X¢) components. 
Fig. 3 shows curves of these components as functions of 
frequency for a typical 32.768-kHz crystal. Fig. 3(b) shows 
two points at which the crystal appears purely resistive, (i.e., 
points at which Xe = 0). These points are defined as the 
resonant (f,) and antiresonant (fg) frequencies. Series- 
resonant oscillator circuits are designed to oscillate at or near 
f;. Parallel-resonant circuits oscillate between f; and fa, 
depending upon the value of a parallel loading capacitor, as 
discussed later. In contrast to series-resonant circuits, parallel 
resonant-circuits work best with amplifiers that have high 
input impedances. The parallel-resonant circuit, therefore, is 
most applicable to crystal oscillators that employ COS/MOS 
amplifiers. ! 
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Feedback-Circuit Configuration 

A feedback circuit suitable for use with a parallel- 
resonant oscillator circuit is shown in Fig. 4. This circuit, 
known as a crystal pi network, is intended for use after an 
amplifier that provides a 180-degree phase shift. The pi 
network is designed to provide the additional 180-degree 
phase shift required for oscillation. The phase angle for this 
type of feedback circuit is extremely sensitive to a change in 
frequency, a condition necessary for stable oscillation. If the 
equivalent resistance of the crystal were in fact zero (infinite 


Co 
92CS- 20506 


Fig. 2— Equivalent circuit for a quartz crystal. 


Table | — Typical Component Values for Common Cuts 
of Quartz Oscillator Crystals 


| FREQUENCY 


525 kHz 


82 
127 0.52 
0.0122 


0.00724 


Q), a change in the phase angle of the feedback circuit would 


not cause any change in oscillator frequency; the frequency, 


therefore, would be insensitive to any phase change in the 
amplifier. Though practical crystals allow only a slight 
change in frequency for large variations in phase angle, the 
amplifier phase angle should, to the extent possible, be made 
independent of temperature and supply-voltage variations in 
order to minimize the phase compensation required of the 
feedback network. Any required phase compensation will, of 
course, dictate a corresponding change in the frequency of 
oscillation consistent with practical values of crystal Q. For 
this reason, the equivalent resistance of the crystal should be 
maintained as low as possible, and the amplifier should be 
designed to roll off at frequencies greater than the crystal 
frequency. 


Oscillator Amplifier 

Fig. 5 shows a COS/MOS amplifier circuit that may be 
used to provide the amplification function in a crystal- 
controlled oscillator. The amplifier is biased so that the 
output voltage VOUT is equal to the input voltage VIN or 
typically is equal to one-half the supply voltage Vpp, (i-e., 
VouT = VIN = Vpp/2). Biasing is accomplished by means 
of a resistor that has a value high enough to prevent loading 
of the feedback network, yet that is low in comparison to 
the amplifier input resistance. Resistor values of 10 to 500 
megohms will satisfy these criteria; however, lower values in 
the order of 15 megohms are generally used to allow greater 
input leakage without any severe change in bias point. The 
gain of the amplifier varies with supply voltage, the size of 
the n- and p-channel MOS transistors, and the sum of the 
threshold voltages of the n- and p-channel transistors. When 
an oscillator amplifier is designed to roll off at frequencies 
greater than the crystal frequency, care musi be taken to 


assure that the transistor sizes are large enough for the 
particular supply voltage used and range of threshold voltages 
expected. For any circuit, though, the sum of the threshold 
voltages of the n- and p-channel transistors must always be 
less than the supply voltage. 

The oscillator amplifier governs, to a certain extent, the 
selection of the components for the feedback network. The 
amplifier current consumption is strongly dependent upon 
the attenuation across the feedback network. As the 
attenuation becomes greater, the signal at the amplifier input 
becomes smaller, which, in turn, increases the amplifier 
current consumption. Large voltage swings at the amplifier 
input cause little current to flow because the resistance of 
either the n- or p-channel transistor is high during a large 
portion of the cycle. On the basis of power considerations, 
it is best to design the feedback network for a small attenu- 
ation. 
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92CS- 20500 
Fig. 3— Impedance characteristics of a quartz oscillator 
crystal: (a) equivalent crystal resistance as a 
function of frequency; (b) equivalent crystal 


reactance as a function of frequency. 
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Fig. 4— Crystal pi-type feedback network. 


VIN 
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Fig. 5— COS/MOS amplifier. 


Equivalent Crystal Resistance 

The equivalent resistance Rg of the crystal should be 
maintained as small as possible in order to obtain minimum 
attenuation across the feedback network. For any given 
circuit, the oscillator current always increases with a rise in 
crystal resistance. This factor and stability considerations 
provide strong arguments for the purchase of crystals that 
have low series resistance, although the usual cost tradeoffs 
prevail. 


Crystal Load Capacitance 

Another factor that influences the over-all power 
consumption is the size of the pi-network capacitor at the 
amplifier output. For minimum current consumption, this 
capacitor, obviously, should be kept small. This condition, 
however, does not always imply high frequency stability. The 
choice of the capacitor value first involves a determination of 
the over-all crystal load capacitance. The phase angle of the 
feedback network approaches 180 degrees when the crystal 
equivalent reactive component Xe is equal to the reactance 
(XCL) of a capacitor placed in parallel with the crystal. 
Fig. 4 shows that the effective capacitance across the crystal 
consists of the two pi-network capacitors in series. If the 
value of the equivalent reactance Xe at the crystal frequency, 
as may be determined from Fig. 3(b), is equal to the value of 
the crystal load capacitance Cy; , then the equivalent value 
of the two series-connected pi-network capacitors can be 
calculated from the following relationship: 


CL = 1/wXe (1) 


The value of the load capacitance CL, in general, is chosen 
first, and the crystal manufacturer is required to cut the 
crystal to oscillate at the desired frequency for the specified 
value of load capacitance. 

The choice of a load capacitance is important in terms of 
over-all power consumption and frequency stability. Higher 
values of Cy generally improve frequency stability, but also 
increase power dissipation. The timing industry presently 
seems to have standardized on values of CL, between 10 and 
20 picofarads. 


The choice of the total equivalent load capacitance CL. 
only fixes the series sum of the two pi-network capacitors. 
The individual capacitors themselves can be found from the 
following equations: 


CT = 4CL/(1 — SfReCL) (2) 


Cs = 4Cz/(3 + SfReCL) (3) 


The actual value of Cg used in the feedback circuit 
should be about 3 picofarads less than the calculated value to 
allow for the amplifier input capacitance. The value of the 
amplifier output capacitor CT should not normally be fixed. 
A trimmer capacitor should be placed in parallel with, or 
used in place of, a fixed output capacitor to allow for 
variations in stray capacitance and circuit components. The 
mid-range value of the output capacitor combination should 
be equal to the calculated value of CT. 


Frequency-Trimming Capability 

The required capacitance range for the oscillator trimmer 
capacitor is determined by the variation in oscillation 
frequency with a change in load capacitance.” The total 
frequency-trimming range of a crystal-controlled oscillator 
circuit is mainly a function of the crystal characteristics, or 
more explicity, is inversely proportional to the slope of the 
crystal reactance curve, shown in Fig. 3(b). The slope of this 
curve is a function of the difference between the resonant 
frequency f, and the antiresonant frequency fg. This 
frequency difference, in turn, is a function of the crystal 
capacitance ratio Co/C}, where Co and Cy are the inherent 
shunt and series capacitances, respectively, of the crystal 
structure, as shown in Fig. 2. The slope of the reactance 
curve is also a function of the total external crystal load 
capacitance CL. As shown in Fig. 3(b), this slope decreases as 
the equivalent reactance increases, (i.e., for smaller values of 
the capacitance CL). Fig. © and Table II show trimming-range 
data for a typical 32.768-kHz crystal that has a capacitance 
ratio Co/Cy of 580. These data show that smaller values of 
load capacitance result in greater trimming-range capability. 


Temperature Stability 

Another important oscillator consideration is tempera- 
ture stability. Most crystals have a negative parabolic 
temperature coefficient.2 Fig. 7 shows a typical curve of the 
variation in crystal frequency as a function of temperature 
The frequency of the total oscillator circuit also exhibits a 
similar temperature dependence. Temperature compensation 
of the over-all oscillator circuit can be achieved by use of a 
capacitor that has a positive parabolic temperature coef- 
ficient in the pi feedback network.> For comparison, Fig. 7 
also shows a typical resultant curve for the over-all circuit. 

The temperature characteristics of a crystal are deter- 
mined to a large extent by the crystal cut. Popular 
low-frequency cuts include the NT and XY Bar. The XY Bar 
is the more popular of the two types because it can be made 
smaller for a given Q and is easier to trim. The disadvantage 
of a slightly lower shock resistance of XY Bar crystals is 
compensated by the superior aging chacteristics of this type. 
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Fig. 6— Frequency as a function of load capacitance for a 
typical 32-kHz crystal. 


AT-cut crystals, when used at frequencies greater than | MHz, 
are characterized by excellent temperature stability and 
ruggedness. Temperature characteristics for this type of 
crystal cut as well as for the XY Bar and NT types are shown 
in Fig. 8. 


Crystal Dimensions 

Size is also an important consideration in the design of 
oscillator crystals. The length of quartz required for any 
given cut is inversely proportional to the square root of 
frequency. Dimensions for a typical packaged 32-kHz, XY 
Bar crystal are 0.6 inch by 0.2 inch by 0.11 inch. The 
smallest XY Bar crystals currently available have dimensions 
in the order of 0.53 inch by 0.2 inch by 0.11 inch. A 1-MHz 
AT-cut crystal is significantly larger; however, dimensions 
again decrease with frequency. Crystal manufacturers are 
currently working to develop wristwatch-size AT-cut crystals 
with the anticipation of circuit improvements that will allow 
low-current operation at high frequencies. 


Crystal Shock Resistance and Aging Rate 

A prime concern of the timing industry today is that of 
crystal shock resistance and aging. The aging of a crystal 
results primarily from aging of the mounting material rather 


Table 1! — Trimming Data for a Typical 32-kHz 
Quartz Oscillator Crystal 


LOAD CAPACITANCE, CL 


5 pF 11.5 pF 20 pF 32 pF 


—0.45 
p 
+0.51 


—1.6 
p 
+2.0 


+25 PPM 


+30PPM | —0.66 


+0.79 p 


—2.3 ; 
p 
+3.3 
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Fig. 7— Effect of temperature on crystal frequency. 
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Fig. 8— Frequency-temperature characteristics for various 


crystal cuts: (a) XY-Bar and NT cuts, (b) AT cut. 


than from aging of the quartz itself. The mounting material 
enters into the crystal equivalent circuit, and the slowest 
aging rate results when the mount consists of the least 
amount of supporting material. This condition of course, 
results in lower shock resistance, and an optimum trade-off 
revst he achieved. At present, 32-kHz crystals can be made 
that can withstand a mechanical shock of about 1500 G’s 
applic! for 0.5 millisecond and that have aging rates that 
‘sult in a frequency change of 2 to 5 parts per million for 


the first year and essentially no aging thereafter. Any 
mechanical or thermal shock, however, will interrupt the 
normal aging process. The aging rate of 2 to 5 parts per 
million presently appears acceptable to the timing industry, 
although shock resistances of 3,000 to 5,000 G’s are desired. 
This shock level corresponds approximately to the shock 
experienced by dropping the crystal from a height of one 
meter onto a hardwood floor. 


PRACTICAL OSCILLATOR CIRCUITS 

The basic amplifier, feedback-network, and crystal 
considerations discussed in the preceding paragraphs can be 
combined in the design of COS/MOS oscillator circuits. In 
the circuits, the crystal selected has an equivalent resistance 
Re of 50 kilohms and is cut to operate at a frequency of 
32.768 kHz with a load capacitance CL of 10 picofarads. The 
vajues of pi feedback-network capacitors CT and Cs can be 
calculated by use of Eqs. (2) and (3) as CT. = 43 picofarads 
and Cs = 13 picofarads. The value of the feedback-network 
resistance R can be calculated as follows: 


pe oxe + 0.27 Re) (Xe — 0.8 Re) 
7 16 Re 
= 1MQ 
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This value is the maximum value of resistance allowd for a 
minimum feedback-network attenuation of 0.75, a value 
chosen on the basis of power and stability considerations | 
The calculated value of R includes any fixed resistance plus 
the amplifier output resistance. Because the output resistance 
is often appreciable and varies with supply voltage, transistor 
size, and threshold voltages, it is generally best to add 
resistance experimentally until the desired power consump- 
tion and frequency stability are reached. The effect of this 
resistance On operating current and frequency stability can 
be predicted from data given in Table II] for the three 
different COS/MOS crystal oscillator circuits shown in Fig. 9. 
In each circuit, the pi-network capacitors CT and Cg are 39 
picofarads and 10 picofarads, respectively. These capaci- 
tances are slightly less than the calculated values because of 
stray and amplifier capacitances. 

The circuit shown in Fig. 9(a) combines the amplifier and 
feedback circuits shown in Fig. 4 and 5. Although theory 
predicts that an increase in the values of the feedback- 
network resistor R= will result in increased frequency 
stability, the circuit performance data given in Table Hl show 
no significant improvement in this characteristic. This result 
indicates that the circuit instability can be attributed almost 
entirely to phase instabilities of the amplifier. This assump- 
tion is verified by data taken from the circuits shown in 
Figs. 9b) and %c) in which the required feedback-network 
resistance is incorporated into the amplifier as a fixed value. 
The resistors essentially fix the amplifier phase shift so that 
greater stability results. As the data show, use of these 
resistors also results in a decrease in the total current 
consumption. Because of the two fixed resistors, the circuit 
of Fig. 9(b) shows the least current consumption and also the 
greatest stability. 


Tabie Ii! — Typical Oscillator Data 


Frequency 
Circuit Value of Vpp Current | Stability 
R (22) (Volts) (uA) |Vpp = 1.45V 
to 1.6V 


dll (Pell te = 
wil} ro) 


As mentioned previously, the amplifier feedback resistor 
should not significantly load the crystal feedback network. 
The resistor value at which loading begins to occur can be 
determined from a curve of circuit operating frequency as a 
function of feedback resistance. Fig. 10 shows such a curve 
for the circuit shown in Fig. 9(b). This curve indicates that 
15 megohms is a suitable value for the feedback resistor. 


FREQUENCY DIVIDERS 

Because of restrictions on crystal size and cost, oscillator 
frequencies of 8192 Hz, or higher, are generally used for 
electronic timing circuits. The use of such high crystal 
frequencies usually requires division of the oscillator fre- 
quency to a more convenient value. Synchronous motors, for 
example, are often driven by frequencies between 0.5 Hz and 
64 Hz. Numeric readouts for digital clocks or wristwatches 


require pulses at least every second, minute, and hour. The 
necessity for frequency division becomes clear if one 
considers the wide variety of timing intervals that may be 
required for certain applications. 

The basic frequency-dividing circuit, shown in Fig. 11, 
consists of a master-slave D-type flip-flop connected as a 
binary counter stage. N stages may be cascaded with the final 
output frequency equal to 2~N times the input frequency. 
Division by integers other than powers of 2 can also be 
accomplished by use of gating techniques. For example, a 
divide-by-60 counter implemented as shown in Fig. 12, can 
be used to obtain minutes from seconds. 
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Fig. 9— Typical COS/MOS crystal-oscillator circuits. 
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Fig. 10-- Oscillator frequency as a function of amplifier 
feedback resistance. 
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Fig. 11— Basic frequency-dividing stage. 


A basic block diagram of a typical digital clock that 
employs divide-by-60 counters is shown in Fig. 13. The 
display for the clock is designed to be multiplexed in that 
new information is provided to only one of the six readout 
characters, while the eye itself holds the previous state of the 
other five. The multiplexing unit consists of COS/MOS 
transmission gates controlled by a six-stage ring counter that 
also addresses each character sequentially. This type of 
circuit is particularly applicable for driving light-emitting 
diode displays. 

Light-emitting diodes, as well as other readout devices, 
require some form of driving circuitry which is often unique 
to the driven device. Other typical readout devices include 
stepping motors, balance-wheel motors, tuning-fork motors, 
and liquid-crystal displays. 

Motors are frequently driven by low-impedance MOS 
transistor drivers. The waveforms required depend upon the 
particular type of motor. Rotary stepping motors require a 
pulsed waveform such as that shown in Fig. 14(a). The motor 
advances one position (for example 180 degrees) on each 
pulse. Fig. 14(b) shows a COS/MOS circuit that may be used 
to generate this type of waveform. The crystal frequency and 
the number of countdown stages for this circuit determine 
the pulse frequency. The duty factor is controlled by two 
resettable flip-flops that are clocked inversely by the last 
counting stage and reset by an intermediate stage. The 
output waveform from this circuit will have a duty factor 
that is exactly given by 2 1-1 — N where I is the number of 
the intermediate stage used to reset the shaping flip-flops and 
N is the total number of frequency-divider stages. 


A tuning-fork motor consists of two coils wired in series 
and wound on either side of the fork. A subdivision of the 
crystal frequency drives the coils which electromagnetically 
vibrate the fork. The fork can be linked to an index wheel 
that, in turn, can drive the hands of a watch. 


A balance-wheel motor consists of a coil fixed near the 
periphery of a pivoted balance wheel. Permanent magnets are 
attached to one side of the wheel and counterweights to the 
other. The coil can be energized by pulses supplied to the 
gate of an n-channel MOS transistor with the coil connected 
between the drain and the supply voltage of the transistor. 
When the coil is energized, the balance wheel swings toward 
the coil. The momentum of the wheel moves it beyond the 
cou, and spring action then forces it back. Repeated cycles 
generate a back-and-forth type motion which can be linked 
to a Wheel for driving the hands of a watch or clock. 


Seven-segment liquid-crystal numerals can be driven as 
shown in Pig. 15. An ac voltage is required across each 
segment of the display to assure long life. For this purpose, a 
60-Hz square wave is applied to one input of each of seven 
exclusive-OR gates. The logic state present at the other input 
determines whether the segment will transmit or scatter light. 


Liquid-crystal displays can be made for operation in 
either transmissive or reflective modes. The transmissive- 
mode type requires a light source behind the display. The 
light will either be transmitted or not depending upon the 
voltage across the segment. In the reflective-mode type. 
ambient light can be scattered by the liquid crystal material, 
or reflected from a mirrored surface placed behind the 
numeral. If displayed correctly, excellent contrast between 
“on” and “off segments can be obtained when reflecting or 
scattering only ambient light. 


The light scattering property of liquid-crystal displays 
offers Wo major advantages. First, the problem of washout in 
high intensity light is prevented. Washout has always been a 
problem with light generating displays. Second, because the 
displays do not generate light, they require negligible power. 
In tact, liquid crystals require the least amount of power of 
any currently available type of display.4 


Light-emitting diodes are somewhat simpler to drive than 
liquid crystals because signals to individual segment and/or 
numerals can be easily multiplexed. Fig. 16 shows a typical 
multiplexed driving circuit. The n-p-n transistor, which is 
common to the cathode of all segments in each numeral, can 
be turned on to address only one particular numeral. The eye 
will hold the reading from all off segments long enough for at 
least six numerals to be multiplexed. 
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Wristwatches 

In any wristwatch application, size and total operating 
current are perhaps the two most important considerations. 
The total timing circuitry, together with the battery and 
readout device, must fit into a relatively fixed size and have a 
current consumption small enough to allow at least one year 
of life. Size and power considerations also become important 
in crystal selection. The size and cost of a crystal decreases 
with increases in frequency up to about | MHz. The power 
consumption of the oscillator and counter increases with 
frequency. On the basis of these considerations, the most 
popular crystal frequency for wristwatches at present is 
32.768 kHz. Typical packaged sizes for this crystal and 


Q3 es %6 cL? various available crystal oscillator circuits were discussed in 

an earlier section of this Note. 
Q, 5 The choice of a readout device also involves considera- 
Q7 tions of size and power as well as, of course, marketing 


92CS- 20496 considerations. If conventional-hand movements are chosen, 


Fig. 12— COS/MOS divide-by-60 counter. a motor type of drive must be selected. No great size 
advantage exists over any of the various motor types used in 


this type of application. In addition, all types can be 
designed to operate from 1.1 to 1.6 volts with average 
current consumptions of about 10 microamperes. Sensitivity 
to vibration, however, is one separating characteristic. 
Although balance-wheel motors can be designed to compen- 
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two types. 

Light-emitting diodes require a minimum of two battery 
cells for proper operation. The required current can be kept 
to about 2 milliamperes per segment when the diodes are 


SIGNALS FOR ADDRESSING BCD-TO-7 

atlas SEGMENT pulsed from a six-stage ring counter, as shown in Fig. 13. A 
duty factor of 16 per cent is achieved with this arrangement. 
Because of the high currént, however, a continuously 
SY operating battery-powered display is not possible, and a 

Li oIceLay auuccas “readout on demand” watch is then necessary. 
asceusoseT Continuously operating liquid-crystal displays are 
Fig. 13— Typical COS/MOS digital clock. possible and practical. RCA wristwatch displays employ 
liquid-crystal material having resistivities of about 5 x 10° 
ohms per centimeter, which at a 0.5-mil spacing results in a 
resistance of 6.3 megohms per square centimer. With all 
segments energized, the display consumes only about | 
REQUIRED DRIVING WAVEFORM microampere of current at 15 volts. Liquid crystals, however, 


BORD Se Shey en require a minimum supply of 12 volts to assure good contrast 
between on and off segments. For single-cell operation, a 
dc-to-dc converter must be used to step the voltage up to the 
required 12-to-15-volt level. Transformer and capacitor 
voltage-doubling circuits with conversion efficiencies of 
about 75 per cent are typically used for this purpose. 
Because current consumption is such an important 
consideration for wristwatch circuits, the careful considera- 
tion given to the choice of a battery is easily understood. 


lalla Small silver-oxide and mercury cells are presently popular for 
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wristwatch use. Pertinent information on these types of 
8 
yy 
; AVERAGE VOLTAGE 
af 5 Sat ACROSS ANY SEGMENT 
60 Hz > O VOLTS 
SQUARE 
8 WAVE fo 
Ty =Tyyx2t! T2: Tin 2% 92cs- 20495 | 
(b) | 
Fig. 14— Generation of required stepping-motor waveforms: (a) required driving p2 
waveform across stepping motor; (b) COS/MOS driving circuit and output rrom | z 
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COS/MOS TIMING-CIRCUIT APPLICATIONS ; 
The choice of a readout device depends, of course, upon 
the application involved and to a certain extent upon the ; 
individual characteristics of the device itself. Special a 
considerations for readout devices are perhaps best treated in ; 
a discussion of special requirements for three important 
timing-circuit’ applications, namely, wristwatches, wall s2cs- 20498 
clocks, and automobile clocks. Fig. 15— COS/MOS liquid-crystal driving circuit. 
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Fig. 16— Multiplexing driving circuit for light-emitting diodes. 


Mallory cells is shown in Table IV. Most of the cells listed 
will last at least one year with a motor current of 10 
microamperes and a total oscillator and divider current less 
than 5 microamperes at an oscillator frequency of 32.768 
kHz. The voltage for both types of cells is relatively constant 
during the active life listed and falls off rapidly thereafter. 
Typical end-of-life voltages at 1.1 volts for mercury cells and 
1.45 volts for silver-oxide cells. Either type of cell works 
equally well with RCA silicon-gate COS/MOS circuits which 
operate from supply voltages as low as 1.1 volts. 


Wall Clocks 

Size and power limitations for clocks are not as 
restrictive as those for wristwatches. For this reason, 
lower-cost, higher-frequency crystals may be used. The 
optimum range of crystal frequencies presently appears to be 
from 131 kHz to 524 kHz. All the oscillator considerations 
given previously for operation at 32 kHz apply equally well 
to this higher frequency range. The oscillator circuit 
configuration shown in Fig. 9(b) is still the optimum type; 
however, the value of the source resistors must be decreased 
to assure adequate gain at the higher frequencies. Source 
resistors are often best chosen experimentally by gradually 
increasing the resistance until an output voltage swing of 30 
to 70 per cent of the supply voltage Vpp is reached. Data 
taken from a typical 262-kHz oscillator circuit that employs 
two 10-kilohm source resistors and a DT-cut, 262-kHz crystal 
are shown in Table V. The table also shows typical counter 
current. 

The most popular readout devices for clocks are 
conventional-hand movements and liquid-crystal displays. 
Continuously operating light-emitting-diode numerals con- 
sume too much current even for long life of C- and D-size 
batteries. In contrast, a typical RCA four-digit liquid-crystal 


Table !V — Typical Data for Mallory Watch Cells 


Diameter 
(in.) 


10R 101 
(EXP) 


display having a 0.4-inch-by-0.6-inch numeral consumes only 
100 microamperes of current with all segments energized. 

Motors for driving the clock hands are typically of the 
balance-wheel or continuously rotating synchronous types. 
Sensitivity to vibration is usually not a restriction; hence, the 
balance wheel motor can be successfully used in place of the 
more expensive stepping motor. Clock motors typically 
require about 300 to 450 microwatts of power, or average 
currents of 200 to 300 microamperes at 1.5 volts. 

These currents, together with the oscillator and counter 
currents given in Table V, can now be compared with 
typical battery capacities. Battery information extrapolated 
from published Eveready data on popular AA-, C-, and D-size 
cells is listed in Table VI.> Most of the battery current is 
consumed by the motor, and if a total current of 250 
microamperes is assumed, the data show a carbon-zinc C cell 
as the minimum size battery required for one year of life. 


Auto Clocks 

Auto clock circuits are somewhat unique in that power 
considerations are not nearly as restrictive as in other 
portable applications. Although the low-power feature of 
COS/MOS circuits is helpful, the main advantages obtained 


Table V — Typical Data for 262-kHz Oscillator 
and Counter Circuits 


ac 
(Volts) 
a rc 
ee ee 
: 


from the use of COS/MOS in automobile clocks, or in any 
automotive application, are those of wide operating voltage 
and temperature range and high noise immunity. 

With little restriction on power, the choice of a crystal 
depends mainly on cost. Crystals typically used for auto- 
mobile timing applications are AT-cut types that operate at 
frequencies between | MHz and 4.2 MHz. The oscillator 
considerations discussed earlier also apply to these frequen- 
cies; however, as the frequency increases, it becomes 
increasingly difficult to maintain a low starting voltage at a 
low current. At high frequencies, the Starting voltage and 
current are inversely proportional and are controlled mainly 
by the values of the capacitors on the pi-type feedback 
network and the size of the COS/MOS amplifier transistors. 


Counter 
Current 


Oscillator 
Current 


Freq. 
Stability 


Table V1 — Life Data for Typical Batteries 


All life data assumes a continuous drain of 250 wA and an 
end-of-life voltage of 1.1V. 


For minimum starting voltage, relatively small capacitors 
should be used in the pi-feedback network, and no source 
resistors should be added to the amplifier. As indicated by 
data taken on the circuit shown in Fig. 9b) and shown in 
Table VII, low power can still be maintained even when the 
source resistors are not used. 


Table VII — Typical High-Frequency Data for 
COS/MOS Oscillator and Counter 
Circuits (Low-Voltage Product) 


Current 
(mA) 


The upper limit of the crystal frequency depends not so 
much on power consumption as on the minimum supply 
voltage allowed for circuit operation. The minimum auto- 
mobile battery voltage is generally considered to be 5 volts; 
however, the supply voltage for the timing circuit can be 
considerably less than this value depending upon the design 
of the transient protection circuit, as discussed later. Table 
VIII lists minimum COS/MOS supply voltages for typical 
oscillator circuits. The values shown permit design at two 
temperatures. The lower temperature is often considered 
adequate by auto companies with the opinion that the 
minimum battery voltage of 5 volts rarely, if ever, occurs at 
high temperatures. 

The oscillator in a typical auto clock circuit is followed 
by a number of frequency-dividing stages, the last stage of 
which is frequently used to drive a motor. Long counter 
chains are required because of the high oscillator frequency; 
however, the power dissipation of COS/MOS circuits is so 
low that the number of stages is only restricted by chip size 


limitations. Because COS/MOS circuits consume current only 
during switching transitions, each counter stage averages 
one-half the current of the previous stage. The first counter 
Stage, therefore, consumes as much current as all of the 
following stages combined for a counter of infinite length. 
Little difference, then, exists between the power consump- 
tion of a ten-stage or thirty-stage COS/MOS counter. Table 
VII lists, in addition to the oscillator current, typical values 
of counter current, as well as some typical ranges of peak and 
average motor currents. 
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Current data, such as that shown in Table VII, are 
necessary for a proper design of the transient protection 
circuit, an essential part of any automobile digital logic 
system. Automobile manufacturers disagree on the maximum 
amplitude and decay of transient voltage; however, values 
often used are maximum transients of +120 volts and —90 
volts, each decaying exponentially with a maximum time 
constant of 45 milliseconds. Because standard COS/MOS 
circuits are rated for a maximum supply of 15 volts, a 
protection circuit must be included between the battery and 
the COS/MOS logic. 


Table Vill — Minimum Operating Voltages for 
COS/MOS Integrated Circuits 


Min. 


Voltage 
at 25°C 


Min. 
Voltage 
at 82°C 
180°F 


Fig. 17 shows a transient-voltage protection circuit that is 
frequently used. The zener diode regulates the voltage supply 


for the clock circuits, and the capacitor and series diode 
prevent timing losses during negative transients. For mini- 
mum zener current during transients, the maximum value of 
R should be based on the minimum circuit operating voltage 
and the peak current drawn by the logic circuit and motor at 
the minimum battery voltage. The minimum zener break- 
down voltage is then determined by subtraction of the 
product of the minimum current drain at the normal battery 
voltage and the value of R just chosen from the battery 
voltage. A zener breakdown greater than this voltage assures 
that no unnecessary current will be drawn by the zener 
during normal automobile operation. 


BATTERY R TIMING 


CIRCUIT 
SUPPLY 


10 wF TO 
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Fig. 17— Automobile transient-protection circuit. 


Another important zener characteristic is dynamic 
impedance. During a current surge, the voltage across the 
zener must not rise to a damaging level. A value of 22 volts 
for the 45-millisecond time constant appears safe for 
standard COS/MOS circuits. 


In the design of a typical transient-voltage protection 
circuit, it is assumed that the minimum battery voltage is 5 
volts, that the minimum circuit operating voltage is 3.5 volts 
at a crystal frequency of 3.145728 MHz, and that a peak 
current of 3 milliamperes is obtained at 5 volts. The value of 
the resistance R is then found as (5 — 3.5 + 0.7)/3*250 
ohms. With a minimum current of 5 milliamperes at 12 volts, 
the minimum zener voltage becomes 12 — 5(0.250) = 11.75 
volts. For a +120-volt transient, the zener could then 
consume a peak current of (120 — 11.8)/250 = 0.4 ampere. 
For a maximum zener voltage of 13 volts, the dynamic 
impedance of the zener must be less than (22V — 13V)/.4A = 
22 ohms. Components chosen in this manner will provide 
adequate protection for anticipated transients. 

Both protection-circuit diodes can be integrated onto the 
COS/MOS chip. When located as shown in Fig. 17, the series 
diode need only have a breakdown rating of about 12 volts. 
Zener diodes that have breakdown ratings of 4.5 to 6.0 volts 
or any multiple thereof can also be integrated onto the 
COS/MOS chip. The breakdown rating can also be increased 
in 0.7-volt steps by addition of forward-biased diodes in 
series. Characteristics of two typical zener diodes integrated 
in series are shown in Fig. 18. Fig. 18(a) shows the area 
around the “knee” of the breakdown region, and Fig. 18(b) 
shows the higher-current region useful for determining the 
dynamic resistance. From the slope of the line, the typical 
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Fig. 18— Oscillograph tracings showing characteristics of an 
integrated zener diode: (a) low-current region; (b) 
high-current region. 
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dynamic resistance for two diodes is found to be 17.6 ohms 
total, or 8.8 ohms per diode. The diodes are rated to 
withstand a 0.5-ampere surge current that decays with an 
80-millisecond time constant. The zener diode, then, is 
compatible with present automobile protection requirements, 
and integration of this component should represent a 
considerable cost saving, especially. when integrated with the 
series diode. 


Other Applications 

Although wristwatches and clocks of various types are 
important applications of COS/MOS timing circuits, they are 
certainly not the only timing applications which can benefit 
from the unique features of COS/MOS logic. Applications 
such as fuze timers, feeding systems, automatic sprinklers, 
incubator timers, and other similar systems can be designed 
from information provided on the oscillator and counter 
with only the output device unique to the particular 
application. Automobile applications for COS/MOS circuits 
are almost endless. One can think of speed controllers, digital 
speedometers, miles per gallon indicators, and perhaps even 
estimated-time-of-arrival indicators that, on the basis of the 
given total mileage, would update the time on a dynamic 
basis from information provided by the speedometer, 
odometer, and clock. 


CONCLUSIONS 

The primary advantage of electronic timing circuits over 
conventional mechanical methods of timekeeping lies in the 
greatly increased accuracy permitted by the highly stable 
crystal-controlled oscillator circuit. Although crystal oscil- 
lator circuits have existed for some time, their usefulness in 
portable applications has been somewhat limited because of 
the high current consumption required by the following 
digital logic. The advent of COS/MOS integrated circuits now 
permits the design of complete low-power timing systems. 
The impact of COS/MOS on timing applications is perhaps 
equalled by the recent development of liquid-crystal displays 
and dc-to-de converters that allow low-power continuously 
operating digital displays. Certainly, no great technological 
barriers now exist for the use of electronic timing circuits in 
a wide variety of applications. The search, no doubt, will 
always continue for the ideal timekeeping device; however, it 
should be apparent from the information presented that the 
ideal timekeeping unit can now be more closely approached 
than ever before. 
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The RCA COS/MOS Phase-Locked-Loop 
A Versatile Building Block for Micro- Power 


Digital and Analog Applications 


INTRODUCTION 
Phase-locked-loops (PLL’s), especially in monolithic 


form, are finding significantly increased usage in signal- 
processing and digital systems. FM demodulation, FSK 
demodulation, tone decoding, frequency multiplication, 
signal conditioning, clock synchronization, and frequency 
synthesis are some of the many applications of a PLL. The 
PLL described in this Note is the COS/MOS CD4046A, 
which consumes only 600 microwatts of power at 10 kHz, a 
reduction in power consumption of 160 times when 
compared to the 100 milliwatts required by similar mono- 
lithic bipolar PLL’s. This power reduction has particular 
significance for portable battery-operated equipment. This 
Note discusses the basic fundamentals of phase-locked-loops, 
and presents a detailed technical description of the COS/ 
MOS PLL as well as some of its applications. 


REVIEW OF PLL FUNDAMENTALS 

The basic phase-locked-loop system is shown in Fig. 1; it 
consists of three parts: phase comparator, low-pass filter, and 
voltage-controlled oscillator (VCO); all are connected to 
form a closed-loop frequency-feedback system. 

With no signal input applied to the PLL system, the error 
voltage at the output of the phase comparator is zero. The 
voltage, Vd(t), from the low-pass filter is also zero, which 
causes the VCO to operate at a set frequency, fo, called the 
center frequency. When an input signal is applied to the PLL, 
the phase comparator compares the phase and frequency of 
the signal input with the VCO frequency and generates an 
error voltage proportional to the phase and frequency 


VOLTAGE 


Fig. 1— Block diagram of PLL. 


difference of the input signal and the VCO. The error 
voltage, Ve(t), is filtered and applied to the control input of 
the VCO; Vd(t) varies in a direction that reduces the 
frequency difference between the VCO and signal-input 
frequency. When the input frequency is sufficiently close to 
the VCO frequency, the closed-loop nature of the PLL forces 
the VCO to Jock in frequency with the signal input, i.e., 
when the PLL is in lock, the VCO frequency is identical to 
the signal input except for a finite phase difference. The 


range of frequencies over which the PLL can maintain this | 


locked condition is defined as the lock range of the system. 
The lock range is always larger than the band of frequencies 
over which the PLL can acquire a locked condition with the 
signal input. This latter band of frequencies is defined as the 
capture range of the PLL system. 


TECHNICAL DESCRIPTION OF COS/MOS PLL 

Fig. 2 shows a block diagram of the COS/MOS 
CD4046A, which has been implemented on a single 
monolithic integrated circuit. The PLL structure consists of a 
low-power, linear, voltage-controlled oscillator (VCO), and 
two different phase comparators having a common signal- 
input amplifier and a common comparator input. A 5.2-volt 
zener is provided for supply regulation if necessary. The VCO 
can be connected either directly or through frequency 
dividers to the comparator input of the phase comparators. 
The low-pass filter is implemented through external parts 
because of the radical configuration changes from application 
to application and because some of the components are 
non-integrable. The CD4046A is supplied in a 16-lead, 
dual-in-line, ceramic package (CD4046AD); a 16-lead, dual- 
in-line, plastic package (CD4046AE); or a 16-lead flat-pack 


(CD4046AK). It is also available in chip form (CD4046AH). 
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Fig. 2— COS/MOS PLL block diagram. 


Phase Comparators 

Most PLL systems utilize a balanced mixer composed of 
well-controlled analog amplifiers for the phase-comparator 
section. Analog amplifiers with well-controlled gain charac- 
teristics cannot easily be realized using COS/MOS tech- 
nology. Hence, the COS/MOS design shown in Fig. 3 
employs digital-type phase comparators. Both phase com- 
parators are driven by a common-input amplifier configura- 
tion composed of a bias stage and four inverting-amplifier 
stages. The phase-comparator signal input (terminal 14) can 
be direct-coupled provided the signal swing is within 
COS/MOS logic levels [logic 0< 30% (VDD-VSS), logic 
1 270% (VDD-VSS) ]. For smaller input signal swings, 
the signal must be capacitively coupledto the selt-biasing 
amplifier at the signal input to insure an over-driven digital 
signal into the phase comparators. 


Phase-comparator |! is an exclusive-OR network; it 
operates analagously to an over-driven balanced mixer. To 
maximize the lock range, the signal and comparator input fre- 
quencies must have 50-percent duty cycle. With no signal 
or noise on the signal input, this phase comparator has 
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Fig. 3— Schematic of COS/MOS PLL phase-comparator 
section. 


an average output voltage equal to VDD/2. The low-pass 
filter connected to the output of phase-comparator I supplies 
the averaged voltage to the VCO input, and causes the VCO 
to oscillate at the center frequency (fy). With phase-com- 
parator I, the range of frequencies over which the PLL can 
acquire lock (capture range) is dependent on the low-pass-filter 


characteristics, and can be made as large as the lock range. 


Phase-comparator I enables a PLL system to remain in lock in 
spite of high amounts of noise in the input signal. 


One characteristic of this type of phase comparator is 
that it may lock onto input frequencies that are close to 
harmonics of the VCO center-frequency. A second charac- 
teristic is that the phase angle between the signal and the 
comparator input varies between 0° and 180°, and is 90° at 
the center frequency. Fig. 4 shows the typical, triangular, 
phase-to-output, response characteristic of phase-comparator 
1. Typical waveforms for a COS/MOS phase-locked-loop 
employing phase-comparator I in locked condition of fo is 
shown in Fig. 5. 
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Fig. 4— Phase-comparator | characteristics at 
low-pass filter output. 
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Fig. 5— Typical waveforms for COS/MOS phase- 
locked loop employing phase-comparator | 
in locked condition of fo. 


Phase-comparator I! is an edge-controlled digital memory 
network. It consists of four flip-flop stages, control gating, 
and a three-state output circuit comprising p and n drivers 
having a common output node as shown in Fig. 3. When the 
p-MOS or n-MOS drivers are ON, they pull the output up to 
Vpp or down to Vgg,, respectively. This type of phase 
comparator acts only on the positive edges of the signal- 
and comparator-input signals. The duty cycles of the signal 
and comparator inputs are not important since positive 
transitions control the PLL system utilizing this type of 
comparator. If the signal-input frequency is higher than the 
comparator-input frequency, the p-MOS output driver is 
maintained ON continuously. If the signal-input frequency is 
lower than the comparator-input frequency, the n-MOS 
output driver is maintained ON continuously. If the signal- 
and comparator-input frequencies are the same, but the 
signal input lags the comparator input in phase, the n-MOS 
output driver is maintained ON for a time corresponding to the 
phase difference. If the signal- and comparator-input fre- 
quencies are the same, but the signal input leads the com- 
parator input in phase, the p-MOS output driver is maintained 
ON for time corresponding to the phase difference. Sub- 
sequently, the capacitor voltage of the low-pass filter con- 
nected to this type of phase comparator is adjusted until the 
signal and comparator input are equal in both phase and fre- 
quency. At this stable operating point, both p- and n-MOS 
output drivers remain OFF, and thus the phase-comparator 
output becomes an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. Moreover, the signal 
at the “phase pulses” output is at a high level, and can be used 
for indicating alocked condition. Thus, for phase-comparator 
Il, no phase difference exists between signal and comparator 
input over the full VCO frequency range. Moreover, the power 
dissipation due to the low-pass filter is reduced when this 
type of phase comparator is used because both the p- and n- 
MOS output drivers are OFF for most of the signal-input 
cycle. It should be noted that the PLL lock range for this 
type of phase comparator is equal to the capture range, 
independent of the low-pass filter. With no signal present at 
the signal input, the VCO is adjusted to its lowest frequency 
for phase-comparator II. Fig. 6 shows typical waveforms for 
a COS/MOS PLL employing phase-comparator II in a locked 
condition. 
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Fig.6 — Typical waveforms for COS/MOS phase-locked loop 
employing phase-comparator // in locked condition. 


Fig. 7 shows the state diagram for phase-comparator I, 
each circle represents a state of the comparator. The number 
at the top inside each circle represents the state of the 
comparator, while the logic state of the signal and 
comparator inputs, represented by a O or a 1, are given by 
the left and right numbers, respectively, at the bottom of 
each circle. The transitions from one state to another result 
from either a logic change on the signal input (I) or the 
comparator input (C). A positive transition and a negative 
transition are shown by an arrow pointing up or down, 
respectively. The state diagram assumes that only one 
transition on either the signal input or the comparator input 
occurs at any instant. States 3, 5, 9, and 1] represent the 
condition at the output of phase-comparator I] when the 
p-MOS driver is ON, while states 2, 4, 10, and 12 determine 
the condition when the n-MOS driver is ON. States 1, 6, 7, 
and 8 represent the condition when the output of phase- 
comparator II is in its high impedance state; i.e., both p- and 
n-devices are OFF, and the phase-pulses output (terminal 1) 
is high. The condition at the phase-pulses output for all other 
states is low. 


As an example of how one may use the state diagram 
shown in Fig. 7, consider the operation of phase-comparator 
Il in the locked condition shown in Fig. 6. The waveforms 
shown in Fig. 6 are broken up into three sections: section | 
corresponds to the condition in which the signal input leads 
the comparator input in phase, while section I corresponds 
to a finite phase difference. Section III depicts the condition 
when the comparator input leads the signal input in phase. 
These three sections all correspond to a locked condition for 
the COS/MOS PLL; i.e., both signal- and compacator-input 


signals are of the same frequency but differ slightly in phase. 
Assume that both the signal inputs begin in the 0 state, and 
that phase-comparator II is initially in its high-impedance 
output condition (state 1), as shown in Figs. 7 and 6, 
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first, which brings phase-comparator II to state 3. State 3 
corresponds to the condition of the comparator in which the 
signal input is a 1, the comparator input is a 0, and the 
output p-device is ON. The comparator input goes high next, 
while the signal input is high, thus bringing the comparator 
to state 6, a high-impedance output condition. The signal 
input goes to zero next, while the comparator input is high, 
which corresponds to state 7. The comparator input goes low 
next, bringing phase-comparator I] back to state 1. As shown 
for section !, the p-device stays on for a time corresponding to 
the phase difference between the signal input and the 
comparator input. Starting in state | at the beginning of 
section IIl, the comparator input goes high first, while the 


signal input is low, bringing the comparator io state 2. 


Following the example given for section I, the comparator 
proceeds from state 2 to states 6 and 8 and then back to I. 
The output of phase-comparator II for section IIT corres- 
ponds to the n-device being on for a time corresponding to the 
phase difference between the signal and comparator inputs. 

The state diagram of phase-comparator I] completely 
describes all modes of operation of the comparator for any 
input condition in a phase-locked-loop. 


Voltage-Controlled Oscillator 

Fig. 8 shows the schematic diagram of the voltage- 
controlled oscillator (VCO). To assure low system-power 
dissipation, it is desirable that the low-pass filter consume 
little power. For example, in an RC filter, this requirement 
dictates that a high-value R and a low-value C be utilized. 
The VCO input must not, however, load down or modify the 
characteristics of the low-pass filter. Since the VCO design 
shown utilizes an n-MOS input configuration having prac- 
tically infinite input resistance, a great degree of freedom is 
allowed in selection of the low-pass filter components. 

The VCO circuit shown in Fig. 8 operates as follows: 
when the inhibit input is low, P3 is turned full ON, 
effectively connecting the sources of Pj and P> to Vpp; and 
gates | and 2 are permitted to function as NOR-gate 
flip-flops. N1l together with external-resistor Rl form a 
source-follower configuration. As long as the resistance of RI 
is at least an order of magnitude greater than ON resistance 
of Ny (greater than 10 kilohms), the current through RI is 
linearly dependent on the VCO input voltage. This current 
fiows through Py), which, together with P2,. forms a 
current-mirror network. External resistor R2 adds an 
additional constant current through PI; this current offsets 
the VCO operating frequency for VCO input signals of 0 
volts. In the current-mirror network, the current of P2 is 
effectively equal to the current through PI independent of 
the drain voltage at P2. (This condition is true provided P2 is 
maintained in saturation; in the circuit shown, P> is saturated 
under all possible operating conditions and modes). The 
set/reset flip-flop composed of gates | and 2 turns ON either 
P4 and N3. or PS and N2. One side of the external capacitor 
Cl is, theretore. held at ground, while the other side is 
charged by the constant current supplied by P2. As soon as 
Cl charges to the point at which the transfer point of 
inverters | or 5 is reached, the flip-flop changes state. The 
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Fig. 8— Schematic of COS/MOS VCO section. 


charged side of the capacitor is now pulled to ground. The 


other side of the capacitor goes negative, and discharges 


rapidly through the drain diode of the OFF n-device. 
Subsequently, a new half-cycle starts. Since inverters | and § 
have the same transfer points, the VCO has a 50-percent 
duty-cycle. Inverters 1 through 4 and 5 through 8 serve 
several purposes: (1) they shape the slow-input ramp from 
capacitor Cl to a fast waveform at the flip-flop input stage. 


(2) they maintain low power dissipation through the use of 


high-impedance devices at inverters | and 5 (slow-input 
wave-forms), and (3) they provide four inverter delays before 
removal ot the set/reset flip-flop triggering pulse to assure 
proper toggling action. 
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In order not to load the low-pass filter, a source-follower 
ouput of the VCO input voltage is provided (demodulated 
output). If this output is used, a load resistor (Rs) of 10 
kilohms or more should be connected from this terminal to 
ground. If unused, this terminal should be left open. A logic 
0 on the inhibit input enables the VCO and the source 
follower, while a logic | turns off both to minimize stand-by 
power consumption. 


Performance Summary of COS/MOS PLL 

The maximum ratings for the CD4046A COS/MOS PLL, 
as well as its general operating-performance characteristics 
are outlined in) Table 1. The VCO and comparator 
characteristics are shown in Tables Il and HI, respectively. 
Table IV summarizes some useful formulas as a guide for 
approximating the values of external components for the 
CD4046A in a phase-locked-loop system. When using Table IV, 
one should keep in mind that frequency values are in 
kilohertz, resistance values are in kilohms, and capacitance 
values are in microfarads. The selected external components 
must be within the following ranges: 


Redes sine <1 MQ 
C, 2 100 pF at Vpp 25 V 
C, 2 50 pF at Vpp 2 10 V 


In addition to the given design information, refer to Fig. 9 
for Ry, R>o,and Cy component selections. The use of Table IV 
in designing a COS/MOS PLL system for some familiar appli- 
cations is discussed below. 
APPLICATIONS OF THE COS/MOS PLL 

The COS/MOS phase-locked-loop is a versatile building 
block suitable for a wide variety of applications, such as FM 
demodulators, frequency synthesizers. split-phase data 
synchronization and decoding, and phase-locked-loop lock 
detection. 
FM Demodulation 

When a phase-locked-loop is locked on an FM signal, the 
voltage-controlled oscillator (VCO) tracks the instantaneous 
frequency of that signal. The VCO input voltage, which is the 
filtered error voltage from the phase detector, corresponds to 
the demodulated output. Fig. 11 shows the connections for 
the COS/MOS CD4046A PLL as an FM demodulator. For 
this example, an FM signal consisting of a 10-kilohertz carrier 
frequency was modulated by a 400-Hz audio signal. The total 
FM signal amplitude is 500 millivolts, therefore the signal 
must be ac coupled to the signal input (terminal 14). 


Table |— Maximum ratings and general operating character- 
istics 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Storage Temperature Range 65°C to +150 °C 
Operating Temperature Range 

Ceramic Package Types 55°C to+125 °C 
Plastic Package Ty pes 40°C to +85 5c 


DC Supply Voltage Range 


(Vop Vso) ~05 Vito +15 Vv 
Device Dissipation (Per Pkg ) 200 mw 
Al! Inputs Vss Vy <Vpop 
Recommended 

DC Supply Voltage (VoD Vs! 5 to 15 Vv 
Recommended 


Input Voltage Swing Voo to Vss 


General Characteristics (Typical Values at Voo — Vss 
= 10 V and Ty = 25°C) 


Operating Supply Voltage (Vop - Vgc) 5t0 15 V 
Operating Suppiy Current 
Inhibit = 0" fo = 10kHe Vop > 5V 70 uw 
@C, = 00001 uF 

R,=1M2 fg = TOkHe Vop = 10 Vv... 600 uw 
Inhibit = 7" 25 pA 
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Table II— VCO electrical characteristics Te cb Uh Maan TYPICAL fain 
UNIT- TO-UNIT VARIATION 
VCO Characteristics (Typical Values at Vpop - Vss 6 z — 
o « cD4046AD 
= 10 V and Ta = 25 C) 7 ry i v) eSapaet oosoent 
=! z 1 > | £15 | £30 
2 4 2 Liof +e J +15 
Maximum Frequency 1.2 MHz = .* Ps Lis[ *5 [tio 
Zz W6 Rs rd ; 
Temperature Stability 600 ppm/°C > 4 “ 
fe] °o 
Linearity (Vycg jn, 5 V2 25V) 1% @ a > 
Center Frequency Be . Programmable with = SX c 
Ryand Cy) Z SO g 
« 
F R P \ ~ 7 
Soraya hy aaplia laa lo [AMBIENT TEMPERATURE (Ta)#25°C 
1, Ro,and Cy 8] VCOIN* Vpp/2,R2*@, INHIBIT* Vss BA SF AMBIENT TEMPERATURE (Ta): 25°C 
Input Resistance ; 10!'2 $2 VCOIN? Vsg_ INHIBIT? Voc 
2 468 2 468 2 4 68 2 468 2 468 2 468 468 2 468 2 468 
Output Voltage 10 Vio 107° 104 15 0? 107! 1 10°? 104 103 10°? 10! ' 
Duty Cycle . i 50% VCO TIMING CAPACITOR (CI) —ypF cais VCO TIMING CAPACITOR (CI) —pF 
% 92CS- 21884 
Rise & Fall Times - 50 ns Fig. 9(a)— Typical center frequency vs. C; for Fis, 0/6) ~ Tepnkeal Hesuaey olfeive © itor 
ig. — Typical fr . Cy 
Output Current Capability R,= 10 KQ, 100 KQ, and 1 MQ. 
' Ro = 10 KQ, 100 KQ, and 1 MQ. 
"1" Drive @ Vo =9.5V. -1.8 mA 
“O" Sink @VoQ -O5V 2.6 mA AMBIENT TEMPERATURE (T, )=25°C 
Demodulated Output fiwax WHEN VCO in *Vpp, INHIBIT *VSs 


fMiIN WHEN vCOw 


ry, 
Offset Voltage | ss 


'Vyco in ~ YDEMOD out! @1 MA. 1:5 V TYPICAL twax/tyin 
UNIT-TO-UNIT VARIATION 


C04046A0 
Yoo | CO4046AE 

CO04046AK xg 
Fig. 9(c)— Typical frngx/Frmin VS. Ro/R 4. 


'wax /f min 


Table 111 — Comparator electrical characteristics 
Comparator Characteristics (Typical Values at Vopb - Yss 


=10V and Tp = 25°C) 
Signal Input 


Input Impedance : 400 KR 


Input Sensitivity 


ac coupled : 400 mV USING PHASE COMPARATOR I! 


dc coupled f Ie Mig = V gg) 
i "1" 2 70% (Vp - Vgg) 
Comparator Input Levels (term 3) "0" < 30% (VoD _ Voss) 
"1" > 70% (Vp ~ Vg) 

Output Current Capability 


Comparator : 
parator | (term. 2) and Comparator II (term. 13): Ypp/2. ¥90 Yoo’? Ypo 
org VCO INPUT VOLTAGE vCO INPUT VOLTAGE vCO INPUT VOLTAGE V¥CO INPUT VOLTAGE 
1°" Drive @ Vo -95V —1.8 mA 9205 20012«1 


"0" Sink @ Vo OSV 2.6 mA 


Comparator Il Phase Pulses (term. 1) VCO in PLL system will adjust 
For No Signai Input VCO in PLL system will adjust to center frequency, ty to lowest operating frequency, fmin 
“1 Drive @ V 95V —0.5 mA 
O i. 2 fL = full VCO frequency range 
"0" Sink @Vg OSV 1.4mA cmiecmaee 21 = fmax—tmin 
Frequency Capture i: as 


: Range, 2f¢ Oo (1),(2) 

Phase-comparator | is used for this application because a PLL ss vanes in rtp ete Jom 
system with a center frequency equal to the FM carrier a coma 
frequency is needed. Phase comparator I lends itself to this e 

i ; _ ; ; ; : Loop Filter forte 
application also because of its high signal-input-noise- Component Ls our 
rejection characteristics. ee aa 

The formulas shown in Table IV for phase-comparator I Pa AOE TAE SA 
with R> = - are used in the following considerations. The a jee aie 
center frequency of the VCO is designed to be equal to the . 


carrier frequency, 10 kHz. The value of capacitor C;, 500 pF, 
was found by assuming an R, = 100 KQQ fora supply voltage 
Vpp = 5 volts. 


Phase Angle between 90° at center frequency (fo), approximating 0° and ee ee 
Signal and Comparator 180° at ends of lock range (2f,) 
Locks on Harmonics of Vex 
Center Frequency 
These values determined the center frequency: ‘atu inka - 
fo = 10 kHz Rejection 


The PLL was set for a capture-range of - Given to - Given and ty — Given. tax ~ Given: tin & tmax 
or 1 ont. +0.4kH — Use fg with Fig 9a to — Caiculate frp from — Caiculate f, trom ~ Use fmin with Fig.Sb 
c = On| RoC rn =U. Zz determine RI ang Cl the equation the equation to determine R2andCl 
- 3y2 fin = fo -— fe 'max 


~ Use fmin mith Fig. 9b 
to determine R2 andCl} _ Use to with Fig.9e to 


to allow for the deviation of the carrier frequency due to the — oe tax determine R1 and C1 ~ Use a with Fig.9c 
. . : : ae Fons min 
audio signal. The components shown in Fig. 10 for the Component min catia 


from the squation 


low-pass filter (R3= 100 kQ,.C2=0.1 uF) determine the Selection eatin RAIMI 6 

above capture frequency. obtain Rt 
The total current drain at a supply voltage of S volts for 

this FM-demodulator application is 132 microamperes for a 4 


dB S/N-ratio on the signal input, and 90 microamperes for a ra ee eee 


ratio R2/R1 to obtain 


10dB S/N ratio. The power consumption decreases because RI 
the signal-input amplifier goes into saturation at higher input For further information, see 
levels (1) F. Gardner,’"Phase-Lock Techniques’ John Wiley and Sons. New York, 1966 
7 (2) G. S. Moschytz, ‘“Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965. 
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Fig. 10— FM demodulator. 


Fig. 11 shows the performance of the FM/demodulator 
circuit of Fig. 10 at a 4 dB S/N-ratio. The demodulated 
output is taken off the VCO-input source follower using a 
resistor Rs (Rs = 100 k82).The demodulation gain for this 
circuit is 250 mV/kHz. 


FM+ 
NOISE 


—J_ | 400 Hz AUDIO 
_j | TRANSMITTED 
| veo OUTPUT 


‘$—4+ DEMODULATED 
| OUTPUT 
et | 


Fig. 11— Voltage waveforms of FM demodulator. 


Frequency Synthesizer 

The PLL system can function as a frequency-selective 
frequency multiplier by inserting a frequency divider into the 
feedback loop between the VCO output and the comparator 
input. Fig. 12 shows a COS/MOS low-frequency synthesizer 
with a programmable divider consisting of three decades. N, 
the frequency-divider modulus, can vary from 3 to 999 in 
steps of 1. When the PLL system is in lock, the signal and 
comparator inputs are at the same frequency and 


f=NX 1 kHz 


Therefore, the frequency range of this synthesizer is 3 to 999 
kHz in 1-kHz increments, which is programmable by the 
switch position of the Divide-by-N counter. 


LOW FESS FILTER 
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Fig. 12— Low-frequency synthesizer with three- 
decade programmable divider. 


Phase-comparator II is used for this application because it 
will not lock on harmonics of the signal-input reference 
frequency (phase-comparator I does lock on harmonics). 
Since the duty cycle of the output of the Divide-by-N 
frequency divider is not SO percent, phase-comparator II 
lends itself directly to this application. 

Using the formulas for phase-comparator II shown in 
Table IV, the VCO is set up to cover a range of 0 to 1.1 MHz. 
The low-pass filter for this application is a two-pole, lag-lead 
filter which enables faster locking for step changes in 
frequency. Fig. 13 shows the waveforms during switching 
between output frequencies of 3 and 903 kHz. The figure 
shows that the transient going towards 3 kHz on the VCO 
control voltage is overdamped, while the transient to 903 
kHz is underdamped. This condition could be improved by 
changing the value of R3 in the low-pass filter by means of 
adjustment of the switch-position hundreds in the Divide- 
by-N counter. 


50 ms/DiV 


jvco 
| ' CONTROL 
TF —T—T VOLTAGE 


aad 


Fig. 13— Frequency-synthesizer waveforms. 


Split-Phase Data Synchronization and Decoding 

Fig.14 shows another application of COS/MOS PLL, 
split-phase data synchronization and decoding. A split- 
phase data signal consists of a series of binary digits that 
occur at a periodic rate, as shown in waveform A in Fig. 14, 
The weight of each bit, 0 or 1, is random, but the duration of 
each bit, and therefore the periodic bit-rate, is essentially 
constant. To detect and process the incoming signal, it is 
necessary to have a clock that is synchronous with the 
data-bit rate. This clock signal must be derived from the 
incoming data signal. Phase-lock techniques can be utilized to 
recover the clock and the data. Timing information is 
contained in the data transitions, which can be positive or 
negative in direction, but both polarities have the same 
meaning for timing recovery. The phase of the signal 
determines the binary bit weight. A binary 0 or | is a positive 
or negative transition, respectively, during a bit interval in 
split-phase data signals. 


LOW PASS FILTER 


SPLIT—PHASE 
O 


OATA 


Fig. 14— Split-phase data synchronization and decoding. 


As shown in Fig. 14, the split-phase data-input (A) is first 
differentiated to mark the locations of the data transitions. 
The differentiated signal, (B), which is twice the bit rate, is 
gated into the COS/MOS PLL. Phase-comparator II in the 
PLL is used because of its insensitivity to duty cycle on both 
the signal and comparator inputs. The VCO output is fed 
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into the clock input of FFI which divides the VCO 
frequency by two. During the ON intervals, the PLL tracks 
the differentiated signal (B); during the OFF intervals the 
PLL remembers the last frequency present and still provides 
a clock output. The VCO output is inverted and fed into the 
clock input of FF2 whose data input is the inverted output 
of FF1. FF2 provides the necessary phase shift in signal (C) 
to obtain signal (D), the recovered clock signal from the 
split-phase data transmission. The output of FF3, (E), is the 
recovered binary information from the phase information 
contained in the split-phase data. Initial synchronization of 
this PLL system is accomplished by a string of alternating 0's 
and 1’s that precede the data transmission. 


Phase-Locked-Loop Lock Detection 

In some applications that utilize a PLL, it is sometimes 
necessary to have an output indication of when the PLL is in 
lock. One of the simplest forms of lock-condition indicator is 
a binary signal. For example, a 1 or a O output from a 
lock-detection circuit would correspond to a locked or 
unlocked condition, respectively. This signal could, in turn, 
activate circuitry utilizing a locked PLL signal. This detection 
could also be used in frequency-shift-keyed (FSK) data 
transmissions in which digital information is transmitted by 
switching the input frequency between either of two discrete 
input frequencies, one corresponding to a digital 1 and the 
other to a digital 0. 


Fig. 15 shows a lock-detection scheme for the COS/MOS 
PLL. The signal input is switched between two discrete 
frequencies of 20 kHz and 10 kHz. The PLL system uses 


eco ln ie ais) oa a aap gs bs ze 
| 100k 
fo 
at | 3 fs 
a ee 
coo cote s 
SIGNAL __! | o | ‘hoo: 
a — 
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| lL ie 18¢ ; 
| co40aea i i - 
+ 4 >10« 
: 


Fig. 15— Lock-detection circuit. 


phase-comparator II; the VCO bandwidth is set up for an 
fmin Of 9.5 kHz and an fmax of 10.5 kHz. Therefore, the 
PLL locks and unlocks on the 10-kHz and 20-kHz signals, 
respectively. When the PLL is in lock, the output of 
phase-comparator I is low except for some very short pulses 
that result from the inherent phase difference between the 
signal and comparator inputs, the phase-pulses output 
(terminal 1) is high except for some very small pulses 
resulting from the same phase difference. This low condition 
of phase comparator I is detected by the lock-detection 
circuit shown in Fig. 15. Fig. 16 shows the performance of 
this circuit when the input signal is switched between 20 and 
10 kHz. It can be seen that after about five input cycles the 
lock detection signal goes high. 


| SIGNAL INPUT 
20-10-20 KHz 


+ VCO OUTPUT 


t : : pe + + + : LOCK 
- DETECTION 
a ¢ ‘ 4 4 i + » OUTPUT 
4 3 CONTROL VOLTAGE 
GOVERNING SIGNAL 
INPUT FREQUENCY 


VERT SvV/DIV 
HORIZ I ms/DIv 


Fig. 16— Lock-detection-circuit waveforms. 
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Using the CD4047A in COS/MOS Timing Applications 


by J. Paradise 


Many applications exist today for COS/MOS multivi- 
brators— both oscillators and one-shots-in analog and digital 
circuits. The requirements for these applications vary widely 
in such parameters as voltage range, temperature stability, 
power dissipation, drive capability, and external-component 
cost. No design is optimum for all of the above considerations. 
However, the RCA-CD4047A Monostable/Astable Multivi- 
brator fulfills the needs of most applications in this timing 
area. It can function as either an oscillator or one-shot with 
many additional features, and will meet the power dissipation, 
stability, and speed requirements of most COS/MOS systems. 

This Note compares some simpler types of oscillator circuits 
with the CD4047A in both theoretical and actual performance, 
and provides application information on the CD4047A which 
should prove useful to COS/MOS circuit and system designers. 


COS/MOS DISCRETE RC OSCILLATOR 


The simplest type of RC-oscillator is shown in Fig. 1. It 
consists of two inverters (which may be taken from standard 


92CS- 22662 


Fig. 1 — Simplest COS/MOS RC oscillator. 


RCA COS/MOS parts, i.e., CD4007A, CD4001A, CD4011A, 
etc.) and a single resistor and capacitor. The operating wave- 
forms for this circuit are shown in Fig. 2. 

The circuit operates as follows: depending on the output 
levels of inverters A and B, at any instant C will be charging or 
discharging through R. When the waveform at point (2) in the 
circuit passes through the transfer voltage of inverter A, this 
inverter will switch and cause inverter B to switch. Subse- 
quently, the waveform at point (2) would be exponentially 
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Fig. 2 — RC-oscillator operating waveforms. 


increasing or decreasing with discontinuities equal in magnitude 
to Vpp during the instant of switching. However, since 
point (2) is protected by a standard input-protection circuit 
common to COS/MOS devices, the waveform is clamped at one 
diode voltage drop above Vpp and below Vgg. (Refer to wave- 
forms in Figs. 2 and Al). The calculations for the period of this 
multivibrator circuit are shown in Appendix A; the final 
equation for the period T is 


(VTR)(VYpp — V 
T=—RCIn (VTR) (Vpp ~ YTR) (1) 


(Vpp + Vp)? 


where V7R is the switching or transfer point of the inverter, 
and Vp is the diode forward voltage drop. 

Equation (1) shows that the period of the multivibrator, T, 
is sensitive to changes in Vpp, as illustrated by the graph of 
time period, T, vs transfer voltage as a function of Vpp in 
Fig. 3. In addition to the strong dependence of actual time 
period on the Vpp chosen, the graph also illustrates that, for 
agiven Vpp, a full transfer voltage spread of 30 to 70 per cent 
of Vpp (unit-to-unit worst-case variations) yields a change in 
time period of about 10 per cent from the nominal 50-per-cent 
transfer-voltage percentage values. 


TIME PERIOD x RC— SECONDS 


TRANSFER VOLTAGE (VTR)—PER CENT OF Vop 
92CS- 22601 


Fig. 3 — Discrete RC-oscillator time period as a function of transfer 
voltage. 


The above analysis is valid only at low frequencies (i.e., less 
than SOkHz). As the multivibrator frequency approaches this 
value, other considerations must be taken into account: 


1. The input protection circuit has a Vpp diode with a 
finite resistance and capacitance; the diode will discharge at 
the rate associated with this small time constant. 

2. In the negative direction, there is a diode as well as a 
series protection resistor (1 to 3 kilohms); the time constant of 
this diode is even longer than that of the Vpp diode. 

3. The propagation delay of the inverters used is added to 
the time period during each charge and discharge cycle. Since 
the delay is a function of Vpp, small changes in Vpp at high 
frequencies will cause the time period to vary. 

4. There is a finite output impedance associated with the 
inverter which is in series with the external timing resistor. 
Since this output impedance also changes with Vpp, at high 
frequencies where the external resistor becomes small, the 
multivibrator stability decreases with small variations in Vpp. 

The negative features of the input protection circuit can be 
partially compensated for by the addition of a resistor, Rg, in 
series with the input protection circuit, as shown in Fig. 4. 
Although the input inverter A is still clamped at one diode drop 
above Vpp or one diode drop below Vgg, the waveform at 
point (4) is allowed to swing well above Vpp and below Vss. 
The larger swing reduces the dependency of transfer-voltage 
variations upon stability; the variable characteristics of the 
input protection circuit and their effect upon stability are 
greatly reduced. An analysis of this circuit is presented in 
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Fig. 4 — RC-oscillator with the addition of Ro 


Appendix B; the equation for the period, T, for this circuit is 
shown in Eq. 2. 


When k= Tis 


(VYTR)(Ypp — YtR) 
(VYpp + Vp)? 


~ 
" 
| 


, K [Vpp + Yp]) 
Gi a 
K [Vpp+ Yrrl + [Ytr - Vp] (2) 


K [Vpp + Yp] 
Ne Awd. a Lait NIL GE 
K [2 Vpp - Ytr} +!Ypp - Vrr-Ypl_) 


In this formit is easy to see that when K approaches zero, the 
circuit and associated waveforms are equivalent to those of 
Fig. A-!. On the other hand, as K approaches infinity, the vari- 
ation in period as a function of Vpyp is reduced to zero. This 
result is shown in Fig. 5, where period as a function of trans- 
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Fig. 5 — Discrete RC-oscillator time period as a function of transfer 
voltage. 


fer voltage is plotted for different value of Vpp and K, and 
Fig. 6, which shows period as a function of K for different 
values of Vpp. Variation in period with transfer voltage is 
also reduced as K increases. This variation decreases from 
10 per cent for K = 0 to about 5 per cent as K gets large. 

There are some obvious limitations in the value of Rs that 
can be used. Besides the disadvantages in this circuit if R is to 
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Fig. 6 — Discrete RC-oscillator time period as a function of constant, k. 


be made adjustable, the user must be careful with component 
layout, if Rg is made very large, to take advantage of the im- 
provement in stability. A time constant and phase shift is pro- 
duced by Rg and stray wiring and breadboard capacitance, 
see Fig. 7. This shift creates a switching delay in the circuit which 
changes the time period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator circuit. A reason- 
able value for K would be anywhere from 2 to 10, with maxi- 
mum and minimum values for Rg determined by the above 
considerations. 
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Fig. 7 — RC-oscillator circuit with stray capacitance. 


COS/MOS INTEGRATED RC OSCILLATORS 


The RCA-CD4047A is an integrated RC oscillator that 
eliminates most of the disadvantages of the discrete circuits 
previously discussed. The primary reason for this improved 
performance is the special input-protection circuit which 
allows the capacitor charging waveform to swing above Vpp 
and below Vgc without the need for an external resistor. This 
circuit, shown in Fig. 8, has the same time period and stability 
as the circuit in Fig. 4 for the case where the value of Rg is 
infinite. However, a resistor is eliminated, as well as the dis- 
advantages of a time constant caused by the resistor. 
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There are two additional reasons for expected improvement 
with the CD4047A. First, the transfer-voltage point of the 
input inverter, A, is tested between 33 and 67 per cent of Vpp 
instead of between 30 and 70 per cent; this narrower test range 
improves stability by reducing unit-to-unit variations. In ad- 
dition, large buffers are used for inverters D and E; this practice 


92cS- 22676 
Fig. 8 — CD4047A oscillator section 


reduces the effect of changes of device output impedance with 
period stability. A derivation of period, T, for this circuit is 
presented in the Appendix C; the final equation for T becomes: 
(VTR) (Vpp — VTR) 
= —RC ln —————— (3) 
(Vpp + VtR) (2 Vpp ~ YTR) 


Figure 9 shows a graph of stability as a function of transfer 
voltage based on this equation. 

The graph of Fig. 9 shows a maximum variation of 5 per 
cent between minimum (2.197 RC) and maximum (2.307 RC) 
time periods. A value of 2.25 RC yields a + 2.5 per-cent vari- 
ation. Typical values of period variations at high frequencies 
and temperature extremes are included in the published data 
for the CD4047A.! 
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Fig. 9 — CD4047 time period as a function of transfer voltage. 


An additional advantage of the CD4047A is a reduction in 
power dissipation as compared to the discrete multivibrators 
discussed previously. Inverter A in Fig. 8 is designed with high- 
impedance components that limit power dissipation during the 
time that the inverter operates in the middle of its transfer 
region. Four additional inverters are used to gradually shift from 
a very-high-impedance inverter at the input to a very-low- 
impedance driver in series with the external timing resistor. 
Calculations for power dissipation and a comparison of Pgics 
for the CD4047A and a discrete oscillator are presented in 
Appendix D; the result is 


Paiss = 2 CV? f (4) 


This equation specifies the power dissipated in the external 
components only. At low frequencies, where most of the 
power will be dissipated in R, power can be minimized by 
using a small value of C, since the formula shows the power 
is a function of C and not R. 

Additional power is consumed in the CD4047A chip as a 
function of frequency. Fig. 10 shows curves for theoretical 
minimum power dissipation, actual CD4047A oscillator-power 
dissipation, and discrete oscillator-power dissipation as a 
function of frequency. 
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Fig. 10 — Comparison of Pyj,, for discrete oscillator and CD4047 with 
theory. 


CMOS DISCRETE ONE-SHOTS 


Fig. 11 illustrates one of several simple monostable circuits 
which can be employed in non-critical timing circuits.2 The 


Voo 


92cs- 22675 


Fig. 11 ~ COS/MOS monostable circuit. 


circuit pulse width is dependent upon the transfer voltage of 
inverter B as time constant RC charges to Vpyp from Vgg..The 
pulse width is defined as 


(Vpp ~ YtR) 
= —RC In ——————_ 5 
n € %pp. ) (5) 


Fig. 12 shows the variation in pulse width as a function of 
transfer voltage for this device. 

There are several alternatives to the circuit shown in 
Fig. 12.2 These alternatives have the advantage of greater 
stability, but at the expense of two time constants required in 
circuit and, in some cases, the addition of a diode. 
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Fig. 12 — Simple one-shot time period as a function of transfer voltage. 
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COS/MOS INTEGRATED ONE-SHOTS 


The CD4047A, when used in the monostable mode, again 
has several advantages over discrete designs. A high degree of 
accuracy can be achieved with one time constant, and power 
dissipation is lower than with discrete designs. Fig. 13 shows 
that many functions can be achieved with the CD4047A, in- 
cluding leading and trailing-edge triggering, and retriggering. 

The pulse width, Ty, is expressed below: its derivation is 
given in Appendix E. 


(VTR) (Vpp) — VrR) 


a 6 
me Vpp) 2 Vpp ~ YtrR) os 


Ty=-RC 1 


Fig. 14 is a graph of pulse width versus transfer voltage based 
on the above equation. 

The equations for monostable-mode power dissipation are 
also derived in Appendix E. For a repetitive output on the 
CD4047A, power dissipation can be expressed by the following 
equation: 


2. 875 CVpp2 
P diss = ——————— (duty cycle) (7) 


M 


USING THE CD4047A — SPECIAL CONSIDERATIONS 


A number of circuit considerations are explained below 
which will aid the user of the CD4047A. 

A clamping circuit is provided on the chip to reduce the 
recovery time (tr) that would normally exist in other mono- 
stable circuits; see Figs. 15 and 16. Fig. 17 shows a plot of 
monostable-pulse-width stability as a function of duty cycle 
for specific R and C external components. Note that there is 
no appreciable change in pulse width until the duty cycle 
approaches 100 per cent. A disadvantage to the clamping circuit is 
that it introduces additional capacitance at the RC common 
node (Fig. 16), which may be noticeable for short pulse widths 
in the monostable mode only. Some diffusion capacitance 
present at the base of the n-p-n transistor is used to quickly 
charge C to Vpp after the one-shot cycle has terminated. This 
capacitance is multiplied by the beta of the transistor, and is in 
parallel with the external C during the time interval that the 
transistor ison(Vpp — VBR <t <Vpp). Thus, when values of 
C less than 1000 picofarads are used, the actual width will be 
longer than that predicted by the formula. Fig. 18 is a graph of 
actual, typical pulse widths as a function of external C used 
under these conditions. Note that the minimum values of C 
used in the graph are the smallest that can be used in the 
CD4047A to assure proper operation of the circuit. 


The waveform in Fig. 15 shows that two positive transitions 
are encountered by the control circuitry in the CD4047A. 
These transitions are necessary to make the output flip-flop at 
pin 10 toggle properly to produce the single pulse needed in 
monostable operation. However, at pin 13, the waveform of 
Fig. 19 results; the pulse width of the spike is equivalent to 
the propagation delay of the circuit. This spike will normally 
prevent the user from using pin 13 in the monostable mode. In 
the astable mode, however, pin 13 can be used whenever a 
50-per-cent duty cycle and higher drive capability are not 
required. The advantage to the use of pin 13 under these 
conditions is that the frequency of the waveform at pin 13 is 
twice that of pin 10 for the same external timing components. 

When the CD4047A is used in the retrigger mode, the 
retrigger input is connected directly to the set input of FF4, 
as shown in Fig. 13. This connection means that the output at 
pin 10 will be high during the time that a high level is present 
on pin 12. Thus, if normal one-shot operation is required at 
any time that the circuit is in the retrigger mode, the input 
pulse should be shorter than the expected pulse at the output. 
Note that in the retrigger mode the output pulse width is not 
referenced to the last positive-going edge produced at the 
input because of the asynchronous nature of the circuit. The 
output actually terminates when two internal-oscillator leading 
edges have been received by FF4, after the high level present 
on pin 12 has been removed. The output width variation will 
then be between one and two time constants referenced to the 
trailing edge of the input at pin 12, see Fig. 20. 


A section on timing-component limitations is presented in 
the CD4047A data sheet.! It should be emphasized that it is 
desirable to use a small value of capacitance wherever possible. 
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Fig. 13 — CD4047A logic diagram. 
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Fig. 14 — CD4047A one-shot pulse width as a function of transfer voltage. 
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Fig. 16 — CD4047A clamping circuit. Fig. 19 — CD4047A one-shot output at pin 13. 


Fig. 17 — CD4047A monostable accuracy as a function of duty cycle. 
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Fig. 20 — CD4047A retrigger-mode waveforms. 


The circuit will work well even when the value of R approaches 
or exceeds | megohm. For very low frequencies, where a large 
value of capacitance is needed, the selection of the capacitor is 
very important. It must be nonpolarized because there is no 
reference ground at either of the two pins to which C is con- 
nected. The capacitor parallel resistance (i.e., leakage) must 
also be at least an order of magnitude higher than the external 
R used. This criterion generally eliminates electrolytic ca- 
pacitors and those made of materials which could produce 
greater leakage current than that permitted for proper circuit 
operation. 

Because of the internal circuit construction, there is no 
guarantee as to what dc level will be present on the output at 
pin 10 or 11 when power is first turned on. If this condition 
must be guaranteed, a system-power on pulse input to pin 9 
can be made to assure that pin 10 will initially be at a low logic 
level. The pulse can be generated from one of the circuits 
shown in Fig. 21. 


Voo Yoo 
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Fig. 21 — CD4047A power-up reset circuits. 


Although the CD4047A data sheet calls for a minimum 
input pulse duration of 200 nanoseconds at 10 volts and 500 
nanoseconds at 5 volts, shorter pulses (due to transients, etc.) 
occur frequently in system applications where the CD4047A is 
used. Such narrow pulses may not be ignored by the CD4047A, 
but may instead cause Q to go high permanently or until a reset 
input occurs. The circuit shown in Fig. 22 eliminates this 
problem by essentially “lengthening” the trigger pulse by 
feeding back through Ra and Ca acurrent pulse when Q goes 
from 0 toa 1. The particular values shown have been tried and 
found to work well, even for extremely short input pulses 
(less than 20 nanoseconds). 
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Fig. 22 — Input-pulse stretcher circuit. 


APPLICATIONS 


NOISE DISCRIMINATOR 


Fig. 23 illustrates an application of the CD4047A in a noise- 
discriminator circuit. By adjusting the external time constant, 
a pulse width narrower than that determined by the time 
constant will be rejected by the circuit. The output pulse will 
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Fig. 23 — Noise-discriminator circuit. 


ollow the desired input, but the leading edge will be delayed 
vy the selected time constant. Fig. 24 shows typical waveforms 
vith the circuit in operation. 
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Fig. 24 — Noise-discriminator circuit waveforms. 


FREQUENCY DISCRIMINATOR 


The CD4047A can be used as a frequency-to-voltage con- 
verter, as shown in Fig. 25. A waveform of varying frequency is 
applied to the +TR input. The one-shot will produce a pulse of 
onstant width for each positive transition on the input. The 
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Fig. 25 — Frequency-discriminator circuit. 


resultant pulse train is integrated to produce a waveform whose 
amplitude is proportional to the input frequency. The wave- 
forms of Fig. 26 were taken with the circuit in operation. 
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Fig. 26 — Frequency-discriminator-circuit waveforms. 


LOW-PASS FILTER 


A simple circuit using the CD4047A as a low-pass filter is 
shown in Fig. 27. The time constant chosen for the multi- 
vibrator will determine the upper cutoff frequency for the 
filter. The circuit essentially compares the input frequency 


l 
C oF * fcUuTOFF 
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Fig. 27 — Low-pass filter circuit. 


with its own reference, and produces an output which follows 
the input for frequencies less than foytoff, and a low output 
for frequencies greater than foytorp. Figs. 28 and 29 show 
waveforms with the low-pass filter circuit in operation. 
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Fig. 28 — Low-pass filter-circuit waveforms. 
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Fig. 29 — Low-pass-circuit waveforms. 


BANDPASS FILTER 


Two CD4047A low-pass filters can be employed to con- 
struct a bandpass filter, as illustrated by the circuit in Fig. 30. 


The pass band is determined by the time constants of the two 


filters. If the output of filter No. 2 is delayed by Cj, the 
CD4013A flip-flop will clock high only when the cutoff fre- 
quency of filter No. 2 has been exceeded; this point is illus- 
trated in the timing diagram in Fig. 30. The Q output of the 
CD4013A is gated with the output of filter No. 1 to produce 
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Fig. 30 — Bandpass filter circuit and waveforms. 


the desired output. Typical operation of the circuit is shown in 
Fig. 31, where the input frequency is swept through the pass 
-band. 
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Fig. 31 — Bandpass-filter-circuit waveforms. 
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ENVELOPE DETECTOR 


The CD4047A can be used as an envelope detector by 
employing it in the retrigger mode, as shown in Fig. 32. The 
time constant is selected so that the circuit will retrigger at the 
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Fig. 32 — Envelope-detector circuit. 


frequency of the input pulse burst. A dc level appears at the 
output for the duration of the input pulse train. Fig. 33 shows 
waveforms taken with the circuit in operation. 
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Fig. 33 — Envelope-detector-circuit waveforms. 


PULSE GENERATOR 


Several CD4047A units can be connected together to pro- 
duce a general-purpose laboratory pulse generator, as shown in 
Fig. 34. The circuit shown has variable-frequency and pulse- 
width control, as well as gating and delayed sync capability. 
Gating can be controlled from a high- or low-level input. 
Automatic 50-per-cent duty-cycle capability is included, as 
normal or inverted output. 

CD4047A No. | is connected as a gated, astable multi- 
vibrator, and, with the RC values shown, can produce over- 
lapping ranges of frequencies from 2 Hz to 1 MHz. For free- 
running operation, the Gate/Free-Run switch is closed, and 
the Gate Level switch is placed in the high-level position. 
Standby operation can be achieved with the Gate Level 
switch in the low-level position. When gating, the Gate/Free- 
Run switch is open, and the Gate Level switch is set to the 
appropriate position. The gate signal is applied to the Gate In 
jack. 

CD4047A No. 2 is triggered from the gated, astable multi- 
vibrator, and produces a narrow sync pulse which can trigger an 
oscilloscope or generator. The sync pulse is obtained from the 
Sync Out jack. 

If a 50-per-cent duty cycle is desired, the Duty Cycle switch 
is set in the 50-per-cent position, and the output is obtained 
from CD4047A No. 1. The Signal Polarity switch determines 
whether the Q and Q output is used. 


CD4047A No. 3 produces a variable, delayed (from 1.5 
microseconds to 250 milliseconds) output with respect to the 
sync pulse when the Delay switch is in the IN position. This 
one-shot is bypassed when the Delay switch is in the OUT 
position (the inherent delay is approximately 400 nanoseconds). 

CD4047A No. 4 is a monostable multivibrator which re- 
ceives trigger pulses from CD4047A No. 1 or No. 3. It can 
produce overlapping ranges of pulse widths from 1.5 micro- 
seconds to 200 milliseconds with the values shown. 

The signal output is buffered with the CD4041A to 
allow the pulse generator to drive any required load. The 
circuit shown has the advantages of being compact, battery- 
powered, and COS/MOS compatible. [n addition, it is capable 
of being run from the same power supply as the device under 
test to assure that the input levels are the same as Vpp when 
the power-supply voltage is varied. 


MISCELLANEOUS APPLICATIONS 


The basic properties of good stability in the astable mode, 
and stable pulse delay and width control in the monostable 
mode, make the CD4047A a useful building block in many 
systems, such as PMOS clock generation, audio tone gener- 
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Fig. 34 — Pulse-generator circuit. 
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ation, semiconductor memory systems, semiconductor memory 
exercisers, and general-purpose functional-testing systems. Thi: 


hae Application Note will serve as a guideline in incorporating the 
g [Orne CD4047A in a system design. 
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Appendix A — 
Calculation of the Period of an Astable Multivibrator Using a Single RC Time Constant 
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Fig. A-1 — RC oscillator waveform for the circuit of Fig. 1. 


In Fig. A-1: 
R 
t): VrpR=(Vpp + Vp) ett! e 
VTR 
t) = -RC In ————— 
Vpp + Yp 
—t5/RC 
(2: Ypp - Vrr=(Vpp + Vp)e ‘2! 
Vpp - YTR 
ty = RC In ———_—— 
Vpp + Yp 


And the period of an astable multivibrator using a single RC 
time constant is: 


(VYtR) (Ypp — VtR) . 


Appendix B — 


Analysis of Circuit Shown in Fig. 4 
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Fig. B-1 — RC waveform for the circuit of Fig. 4. 
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Fig. B-2 — Initial conditions for solving period t A: 


Circuit tnitial conditions are shown in Fig. B-2. In the 
figure 


dv V+Vpp VtVpp~-(Vpp +t Vp) 
leds ee rr 
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Fig. B-3 — Initial conditions for solving period tp. 


Circuit initial conditions as shown in Fig. B-3. In the 
figure 


dv Vpp =V VptV 
C-=———_ (B—3) 
dt R Rs 


Solving Eq. (B-3) for V the final voltage across the 
capacitor, yields 
—Kyjtg K> 


V=Cye 


— 4 
; z (B-4) 


where C> = VpR — Vpp = initial voltage across capacitor 


K) : K> are same values as for above for tae 


Eq. (B-1) is solved for V; the final voltage across the 
capacitor is 
2 


Ky (B—2) 


Vac, e “RytAy 


where C; = VR = initial voltage across capacitor 


Rg + R 
Ky = 
RgRC 
VpR Rg Vpp 
34 = 
u RgRC 


By inserting these values into Eq. (B-2) and setting the 
final voltage across the capacitor, V, to Vp, ta becomes 
bes Rs [Vpp + Vp] 
ta=—- —[ 
Rs +R Rs [Vpp + VrRI +R [VTR - VpI 


Insertion of these values into Eq. (B-4), with 
V=—Vp yields 


re | Rs [Vpp + Vpl 
{p= 


Ro +R 


and T= ty tin ttattp 


The equations for tq, tg, and T can be simplified by 
expressing Rg as a multiple of R. Let 


K= = and combining the expressions for ty and t>. The 
resulting expression for T is 

(VTR) (Vpp ~ YTR) 
(fener 


T=—RC1 > 
(Vpp + Vp)* 


K K [Vpp ¢ Vp] 
RC In 
K \Vpp + VTRI + [VrR = Vp] 


K ) K [Vpp + Vp] 
(en) "ie io 


Appendix C — 


Calculation for Period of Astable Multivibrator Using Integrated Techniques 
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Fig. C-1 — CD4047A RC oscillator waveform. 


In Fig. C-1 
—t)/RC 
ty: VpR =(Vpp + VTR)e 1/ 
VTR 
ty =RCIn 
Vpp+ YTR 
t3: Vpp = VTR =(2 Vpp - Vrpie —t2/RC 
— Vpop > Yor 
~ 2Vpp~- Ytr 


And the period of the astable multivibrator using integrated 
techniques is 
(VTR) (Vpp ~ Vr) 


Se 
(Vpp + VtR) (2 Vpp — Vrr) 


ree —_— _—_ en 
Rs [2 Vpp) s-Ytrl + RIVYpp - Ytr~ Ypl 


Ytr] + [Ypp - Yrr ~ Ypl 
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Appendix D — 


Power Needed for Charge and Discharge of an External Capacitor During One Cycle 
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Fig. D-1 — Waveform for calculating power dissipation. 
Assume for this calculation that Vpp = 50-per-cent Vpp, 
and that T = 2.2 RC. Since charge and discharge cycles are 
symmetrical, the calculation can be performed by analyzing 
a discharge cycle only. See Fig. D-1. 


V=15 Vppe —t/RC 


= = ( ==)(1.5 Vpp) (e “/RC) 


i- (i 5 Vppe IRC) 
10) 


l ) —t/RC 
—)(1.5 Vnn)e dt 
( =e DD) 


T/2 
soe Yop" f «VR a 


T/2 
__ 2.25C Vpp? @ -2t/RC 
T oO 
Substituting T = 2.2 RC 
Cc _ _2.0C 
or (225)Vap? b=) T Vpp? 
P=2CV2f 


Appendix E — 
Equations for Pulse Width Thy of CD4047A in Monostable Mode 


2 Yop —— 


— 


Fig. E-1 — CD4047A RC waveform, monostable mode. 
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Note that the waveform in Fig. E-1 is not symmetrical because 
the timing capacitor is initially charged to Vpp. In the 
monostable mode, the circuit goes through one cycle only. 


Monostable Power Dissipation 


To calculate the power dissipation for the circuit in the 
monostable mode, refer to Fig. E-1. If it is assumed that 
VTR = 50-per-cent Vpp, Fig. 14 shows that Ty = 2.485 RC. 
tp is the same as in the astable calculation, i.e., ty = 1.10 RC 
and P;> = CV2f for VTR = 50-per-cent Vpp. Thus, ty in the 
monostable mode = 2.485 RC — 1.10 RC = 1.385 RC. 


| "1 CVdv (2 CVdv 
ae 4s dt + a 
Mido t 


where V=2Vppe—t/RC and 


dv ] 
a : Fac)e Vpp)e —t/RC 
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ty: VrR=2Vppe —ti/RC 
VIR 
ty ==RCin 
2Vpp 


to: Vpp - VTR =(2 Vpp _ VTR) e —tz/RC 


Vpp ~- YTR 


ty = —RC In 
2Vpp —- VTR 


And the equation for the pulse width, Ty, of a CD4047A in 
the monostable mode is: 


(VTR) (Ypp ~ VrR) 


Ty = ty +t>= —RCIn —————_ 
= (2 vpp) (2 Vpp ~ Vrr) 

a 2 unc /RC 
Pty = (2v 2Vaqe YRS) at 
Ty dd © Rc/ (2 Vdd & ) 


5) ty 
—— 4 Vag" e —2t/RC gy 
RC 
Oo 


“Ty 
2 2t/RC t 
Ty 2 Vqq2 e ~24/ 
oO 
Substituting t; = 1.385 RC 
Cc 1.875 C Vdd2 
Py ==" 2 Vdd2 [e —2.77 _ 1] =—_—_—_— 
Tm Tm 
C Vdd? C Vad2 
P=P,, + Py> =(1.875 + 1) = 2.875 


For a repetitive output from the CD4047A 


2.875 C Vdd2 
P= x duty cycle 


Tm 


COS/MOS Interfacing Simplified 


by D. Blandford and A. Bishop 


COS/MOS with its wide range of operating supply voltages, 
low input current, and low power consumption, interfaces 
easily with many electronic devices. In addition, COS/MOS 
circuitry can easily be added to a system and can often be 
operated from the existing power supply. Examples of practical 
circuits for a wide variety of interfacing situations are given in 
this Note; design constraints are included in each case. 

Note that the CD4000 Series type numbers are followed by 
a suffix letter, A or B, which specifies the maximum operating 
voltage for the device: A, 3 to 15 volts; B, 3 to 18 volts. The 
outputs of all B-type devices are buffered and have the same 
output drive current and equal source and sink capabilities. 
Table I shows some characteristics of B-type devices. 


essentially “capacitive”, which means that many COS/MOS inputs 
may be driven by a single TTL output. The actual number 
depends on the frequency of operation. 

In the COS/MOS to TTL interface, Fig. 3, the requirement 
is to sink sufficient current in the low output state at a maxi- 
mum output voltage of 0.4 volt. Table III gives the current 
sinking capability of some CD4000-series devices. Note that 
all B-type devices have the same standard output drive and are 
capable of sinking two low-power TTL loads, worst case. For 
the higher power types of TTL, the CD4049A and CD4050A 
buffers may be used. Table IV shows the minimum and typical 
fanout for each TTL family. The buffer takes its power from 
the S-volt TTL supply and has an additional advantage in that 


Table | — Output Drive Current—B-Type Devices 


Output BD, BK, BF, BH BE 
Drive Symbol Vpp Vo —S5°C  +25°C  +125°C 40°C -+25°C_—-#85°C_—-+25°C_—Uniits 
Current Volt Volt Min. Min. Min. Min. Min. Min. Typ. 
' 5 0.4 0.5 0.4 0.3 0.45 0.4 0.36 0.8 mA 
ak pe 10 605) LI 0.9 0.65 1.0 0.9 0.75 1.8 mA 
5 4.6 —0.5 —0.4 —0.3 —0.45 —0.4 -0.36 —08 mA 
Source IpP 5 2a —2.0 —1.6 = [15 -1.8 -1.6 —1.3 —3.2 mA 
10 9.5 —1.] —0.9 -0.65 —1.0 —0.9 —0.75 —1.8 mA 


COS/MOS to TTL 

In interfacing TTL with COS/MOS with a common power 
supply of between 4.5 and 5.5 volts, the guaranteed aciive- 
pull-up TTL output voltage of 2.4 volts is lower than the 
minimum COS/MOS input voltage required to guarantee 
switching, 3.5 volts, Fig. 1. This difference is overcome by the 
use of an external resistor, Ry in Fig. 2, which is also the re- 
sistor to be used for open-collector-output TTL at a Vpp of 
5 volts. The minimum value of Ry is fixed by the maximum 
sink current, e.g., 1.6 milliamperes for 74-series TTL, its 
maximum value by Igy, the off leakage of the output sink 
transistor. As shown in Table II, the values of Ry between 
1.5 and 4.7 kilohms are suitable for all the TTL families under 
worst-case conditions. The COS/MOS input impedance is 


TIL COS/MOS 


y Vi (MIND 
/ Now (MIN) 


INDETER- 
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REGION 


Vy (MAX) 15V 
Vou (MAX) f” meu y 
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Ov eee —--—-- : Ov 
LOGIC O 
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Fig. 1—TTL to COS/MOS voltage levels. 


45 7T0 55 Vv 


it can accept input voltage swings of 5 to 15 volts from the 
preceding COS/MOS system. 


45 TO 55 Vv 


1/6 CD40494 


cOS/ MOS a 
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Fig. 3—COS/MOS to TTL interface. 


To gain improvements in speed and noise immunity in a 
system using a COS/MOS supply voltage greater than +5 volts, 
high-voltage open-collector TTL circuits such as the 7416, 
7417 or 7426 may be used, as shown in Fig. 4. The value of 
the pull-up resistor Rx will depend on the actual value of 
Vpp; at 10 volts, 39 kilohms would be suitable. 


COS/MOS to HNIL 

The wide operating-voltage range and low power con- 
sumption of COS/MOS circuitry enables it to operate from the 
HNIL power supply. Most CD4000A circuits will drive the 
HNIL input directly; for example, in Fig. 5, the CD4081B 
output sinks the required 1.4 milliamperes at an output voltage 
typically less than 0.5 volt. The HNIL output-voltage levels, 
0.8 volt and 10 volts, enable it to interface directly with the 
COS/MOS input with good noise immunity. 
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Table 1!V—Fanout of CD4049A and CD4050A Buffers to TTL 


TTL Family 
Buffer Fanout 74 74H 74L 74LS = 74S 
Minimum l l 14 7 | 
Typical 3 2 28 14 2 


+5 TO +15 V 
O 
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Fig. 4—TTL to COS/MOS at a Vpp greater than 5 volts. 
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Fig. 5-COS/MOS to HNIL to COS/MOS interface. 


COS/MOS to DTL 

The COS/MOS to DTL interface requires a buffer, such as 
the CD4049A shown in Fig. 6, to sink the DTL input current 
of 1.5 milliamperes at 0.4 volt. Fanout to DTL circuits depends 
on the sink-current capability of the COS/MOS buffer used. 
For the CD4049A and CD40S0A, typical fanout is 3. 

The DTL to COS/MOS interface requires no special con- 
sideration because the internal pull-up resistor in DTL circuits 
and the extremely low input current of COS/MOS circuits 
ensures a high logic level almost equal to the power-supply 
voltage. 
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Fig. 6—~COS/MOS to DTL to COS/MOS interface. 


Table !11|—Minimum Current-Sinking Capability of COS/MOS Devices 


COS/MOS Sink Current (mA at 25°C 
Type Description Vo = 0.4 Volt, Vpp = 5 Volt) 

Ceramic Plastic 
CD4000A Dual 3-Input NOR Gate Plus Inverter 0.4 0.3 
CD4001A Quad 2-Input NOR Gate 0.4 0.3 
CD4002A Dual 4-Input NOR Gate 0.4 0.3 
eieenoeeaa CD4007A Dual Complementary Pair Plus Inverter 0.6 0.3 

CD4009A/49A __ Inverting Hex Buffer 3.0 3.0 

Fig. 2-TTL to COS/MOS interface. CD4010A/50A_Non-Inverting Hex Buffer 3.0 3.0 
CD4011A Quad 2-Input NAND Gate 0.2 0.1 

Table !!—Values of Ry for TTL—COS/MOS Interface CD4012A Dual 4-Input NAND Gate 0.1 0.05 
a, CD4041A Quad True/Complement Buffer 0.4 0.2 
Characteristic §=74 74H 74L 74LS 74S CD4031A 64-Stage Static Shift Register 13 13 
Rx min. (ohms) 390-270 15k 820 270 CD4048A Expandable 8-Input Gate 1.6 1.6 
Rx max. (kilohms) 4.7. 4.7) 27) 120 4.7 CD4XXXB Any B-Type Device Output 0.4 0.4 
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COS/MOS to 10k ECL 


COS/MOS and 10k ECL are not normally interfaced, but 
they can be readily by using the 10124 and 10125 devices 
which are intended for conversion between ECL and TTL. This 
interface requires that the COS/MOS device be operated at a 
S-volt Vpp, as shown in Fig. 7. Where greater speed is 
required of the COS/MOS system, it can be operated with 
Vpp at the ECL ground and Vgg at - 12 volts. In the latter 
case, a IN914 diode clamps the COS/MOS output to Vep as 
shown in Fig. 8. At supply voltages greater than 6 volts, a 
COS/MOS buffer should not be used, as over-dissipation will 
occur in the buffer. 


10k ECL 
SYSTEM 


10k ECL 
SYSTEM 
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Fig. 7-10k ECL to COS/MOS and COS/MOS to 10k-ECL interface. 


-l2v “52 Vv 


9.07 - 24639 


Fig. 8—COS/MOS at 12 volts to 10k-ECL interface. 


COS/MOS to NMOS 


The increasing use of n-channel MOS memories means that 
interfaces between COS/MOS and NMOS are now common. 
In a system of Ik. memories, such as the type 2102, which 
employ peripheral COS/MOS circuitry for address, read/write, 
chip select and data handling, the COS/MOS circuitry can be 
supplied from the 5-volt power supply of the memory. Inputs 
to the memory are then COS/MOS compatible, and direct 
interface is permitted. The data output requires only a single 
pull-up resistor, Rx, as shown in Fig. 9, to ensure an 
acceptable high-state output voltage. 


COS/MOS 
SYSTEM 
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Fig. 9—Direct interface between COS/MOS and 
alk memory, type 2102. 

A 4k-bit, dynamic, n-channel RAM, such as the 2107A, 
has +12-volt and —S-volt supplies as well as the +5-volt Voc 
supply, as shown in Fig. 10. The COS/MOS peripheral cir- 
cuitry in this system is probably best operated from the +12- 
volt supply, ensuring good speed characteristics and noise 
immunity. The 5-volt input signals to the memory are pro- 
vided by CD4050A buffers powered by the 5-volt Voc 
supply. The | 2-volt-swing chip-enable signal is directly com- 
patible with the !2-volt COS/MOS system. The data output 
uses a single transistor to generate the required !2-volt logic 
swing; memories added to provide an increase in word 
capacity are wire-OR’ed at the data output pin of the memory. 
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Fig. 10-COS/MOS to n-channel dynamic-RAM interface. 


COS/MOS to PMOS 

Silicon-gate PMOS static shift registers operating from 
+5-volt and —12-volt supplies are directly compatible with a 
COS/MOS system operating from the +5S-volt supply with 
Vog at zero volts. The only additional component required 
is a clamp diode to Vcc on the data output, as shown in Fig. 
11, because the unloaded PMOS output voltage will go 
negative in the low output state. 
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Fig. 11—-COS/MOS to PMOS static-shift-register interface. 


COS/MOS to Industrial and Power-Control Circuits 


Industrial control systems employ greater logic swings 
than IC logic systems, such as COS/MOS, to achieve high 
noise immunity and to enable them to operate from readily 
available high-voltage supplies and to interface with electro- 
mechanical equipment. 

Fig. 12 shows a simple, resistive-divider circuit used to 
interface a system with a 24-volt logic swing to COS/MOS; 
the circuit could readily be modified for even higher voltage 
swings. The capacitor filter enhances the excellent noise 
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Fig. 12—Industrial control to COS/MOS interface. 


immunity of the COS/MOS logic, and the two clamp diodes 
ensure that the input signal voltage is between Vpp and 
Vss. An alternative circuit using a zener diode is shown in 
Fig. 13. 


A single-transistor level-converter interfaces a COS/MOS 
device to ‘an industrial control system, as shown in Fig. 14. 
The transistor is driven directly from the COS/MOS device 
output (Fig. 23 describes the method of calculating the 
values of the resistors needed in Fig. 14). 
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Fig. 13—Zener diode industrial control interface. 
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Fig. 14—-COS/MOS to industrial-control interface. 
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The slow pulse edges typically found in an industrial 
control system can be speeded up in the COS/MOS system by 
a Schmitt-trigger circuit, the CD4093B, Fig. 15(a). At a 
Vpp of 5 volts, Vy is typically 0.6 volt, Fig. 15(b). 
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Fig. 15—(a) COS/MOS Schmitt-trigger, (b) typical waveforms 
for Schmitt-trigger. 


A high-power coil, such as the solenoid of a printer 
hammer, which requires about | ampere at 70 volts, may be 
driven from a COS/MOS system by using a Darlington 
transistor as shown in Fig. 16. A typical value of Vpp for a 
type 2N6385 transistor is 1.5 volis at a collector current of 
1 ampere and a minimum gain of 1000, so that the output 
source transistor of the CD4073B has to supply 1.5 milli- 
amperes. The value of resistor R is chosen so that Vpg is 
sufficient to guarantee this output current. Suitable values 
of R for use with a B-type device are given in Fig. 16 for a 
Vpp of 5, 10, and 15 volts. 
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Fig. 16-COS/MOS system driving a printer-hammer solenoid 


with the aid of a Darlington transistor. 
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Power-control SCR’s and triacs may also be driven 
directly by COS/MOS outputs. A sensitive-gate SCR, such as 
the 106BI, may be controlled directly by a COS/MOS gate, 
such as the CD4069B, and thus be able to control directly 
2.5 amperes at reverse voltages up to 600 volts, as shown in 
Fig. 17. 
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Fig. 17—COS/MOS directly driving a sensitive-gate SCR. 


SCR’s and triacs with gate currents in the milliampere 
region may be controlled by a buffer, such as the CD4049A. 
This buffer could, in turn, be controlled by a COS/MOS 
system or, as in Fig. 18, by an opto-coupler to provide 
greater isolation. 
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Fig. 18—High-voltage logic to COS/MOS driving an SCR. 


In cases where a single-gate output source or sink current 
proves insufficient, it is possible to parallel the inputs and 
outputs of gates on the same chip, as in Fig. 19. Gates not on 
the same chip and buffer circuits should not be operated in 
parallel as over-dissipation may result. 


CD4001IA 92CS- 2465! 


Fig. 19—Paralleling inputs and outputs. 


Interfacing Op-Amps to COS/MOS 

COS/MOS circuits may be connected directly to the out- 
put of an op-amp operating between-the normal +15-volt 
supply rails, as in Fig. 20, provided clamp diodes to Vpp and 
Vg are used to ensure that the COS/MOS input voltage does 
not go outside the range Vgc’to Vpp. Resistor R3 limits the 
op-amp output current should the op-amp output voltage tend 
toward the negative rail. 
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Fig. 20—Split-rail op-amp to COS/MOS interface. 


Fig. 21 shows a CA741-type op-amp operated between 
Vpp and Vsg with a resistive divider on the non-inverting 
Op-amp input. 
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Fig. 21—Interface of op-amp and COS/MOS with common supply rail. 


COS/MOS Driving Displays 

Digital systems now employ a great variety of digital 
displays, so that their interface to COS/MOS is a common 
requirement. 


COS/MOS TO LED’S 

LED’s may be driven directly from a COS/MOS buffer, 
such as the CD4050A shown in Fig. 22, at a drive current of 15 
milliamperes if a power supply of approximately 10 volts is 
available. 

Seven-segment LED displays connected in either common 
anode or common cathode configurations may be driven at 
supply voltages as low as +5 volts by the seven-transistor 
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Fig. 22—COS/MOS buffer driving an LED. 


arrays CA3081 and CA3082. Fig. 23 shows one of the seven 
transistors of the CA3081 with an LED load. The figure also 
shows the method of calculating Rp and R,. The base drive 
current available depends on the CD4000A Series device used 
and the values of Vpp and Vpg. As shown in Fig. 24, the base 
drive current increases with both Vpp and Vpgs. Fig. 25 
shows one of the seven transistors of the CA3082 driving a 
common-cathode LED. The method of calculating the value of 
emitter resistor Rg is also shown in Fig. 25. 
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Fig. 23—COS/MOS driving a transistor that has an LED load. 
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Fig. 24—CD4001A--typical p-channel drain characteristics. 
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Fig. 25—COS/MOS driving a transistor with a common-cathode- 
connected LED load. 


COS/MOS TO LCD 
Seven-segment liquid-crystal displays may be driven directly 
by COS/MOS circuits CD4054A, CD4055A or CD4056A, as 
shown in Fig. 26. These circuits contain the internal level- 
shifting circuitry needed to convert the typically 5-volt input 
logic-level swing to the 30-volt peak ac signal required to 
drive the dynamic-scattering LCD. 
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Fig. 26—Using the CD4055A to drive a liquid crystal. 


COS/MOS TO GAS-DISCHARGE DISPLAY 
The popular seven-segment gas-discharge display requires 
a cathode drive current that varies from segment to segment. 
Manufacturers supply drivers which are COS/MOS compatible 
at their inputs so that they can interface a COS/MOS system to 
the gas-discharge display without additional circuitry. 
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Applications of the RCA-CD4093B 


COS/MOS Schmitt Trigger 
by D. J. Blandford 


This Note describes the characteristics and some typical 
applications of the CD4093B COS/MOS quad two-input NAND 
Schmitt Trigger. The CD4093B may be used in all applications 
in which the logical NAND function is required and, in addition, 
in a whole range of timing, waveshaping, and interfacing appli- 
cations in which the Schmitt Trigger action on the inputs 
is utilized. 

CHARACTERISTICS 

The CD4093B consists of four Schmitt triggers in a fourteen- 
pin package. Each of the four devices is a two-input NAND 
gate with Schmitt action on each input, yielding a typical 
hysteresis voltage of 2.0 volts with a 10-volt supply without 
the need for any external components, In addition, the 
CD4093B is compatible, pin for pin, with the popular 
CD4011A quad NAND gate, has the balanced and standard- 
ized output drive of the 18-volt COS/MOS “B” series types, 
and has low propagation delay and very low power dissipation. 
Table I summarizes these characteristics. 


CHARACTERISTIC 
QUIESCENT DEVICE CURRENT 


OUTPUT VOLTAGE LOWLEVEL 
HIGH LEVEL 


NOISE IMMUNITY 


OUTPUT DRIVE CURRENT SINK 


SOURCE 


POSITIVE THRESHOLD VOLTAGE 
NEGATIVE THRESHOLD VOLTAGE 
HYSTERESIS VOLTAGE 


PROPAGATION DELAY TIME 
CL = 50 pF 
TRANSITION TIME 
Cy = 50 pF 


Fig.1 shows the functional diagram of the Schmitt trigger; 
note that each input has the standard COS/MOS input pro- 
tection network and that each output is double buffered. 
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Fig.1 — Functional diagram of the CD4093B, COS/MOS Schmitt trigger. 
One of four Schmitt triggers is shown. 


Fig.2 shows the transfer characteristic of the Schmitt 
trigger. The general shape of this characteristic is the same 
for all values of Vpp, but the relative values of Vp, Vn and 
VH change with Vpp as shown in the data sheet. As the input 
voltage is increased from zero (Vsg), the output remains high 
(VDD) until Vp is reached. At this point the output goes low. 
(Vss) and remains low as the input voltage is raised to Vpp. 


If now the input voltage is reduced, the output stays low 
(Vss) until Vn is reached. At this point the output goes high 
(Vpp) and remains high as the input voltage is reduced to zero 
(Vss). The hysteresis voltage is the difference between Vp and 
Vn and is typically 0.6 volt for a 5-volt Vpp and 2.0 volts for 
a 10-volt Vpp. 
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Fig.2 — Transfer characteristic of the CD4093B. 


TABLE | 
Static and Dynamic Electrical Characteristics at 25°C 
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Fig.3 shows a graph of the typical hysteresis voltage VH asa 
function of supply voltage Vpp. 


Fig.4 shows the input/output characteristics of the CD- 
4093B; the output characteristic shown is the same for any 
COS/MOS output, including the Schmitt trigger. The input 
characteristic is unique to the Schmitt trigger and shows that, 
when driven by another COS/MOS device, the Schmitt trigger 
has more than 50-percent noise immunity in each state. 
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Fig.3 — Typical percent hysteresis vs supply voltage. 


Figs.5 and 6 show measurements of voltage and ener 
noise immunity for the Schmitt trigger. Fig.5 shows, fe 
example, that for a Vpp of 5 volts, the noise immunity in eac 
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Fig.4 — Input and output characteristics. 


state exceeds the supply voltage (5 volts) for pulses short 
than 200 nanoseconds. The energy noise immunity plotte 
in Fig.6 against pulse width. is the product of noise-pulse vol 
age, noise-pulse time, and the appropriate value of the outpi 
drive current for the device under test. The units of energy a1 
nanojoules (109 Joule). At each value of the supply voltas 
the curve has a minimum value. Inspection of Fig.6 shows th: 
the value of the minimum energy noise immunity increase 
with increasing Vpp, and occurs at a lower value of noisi 
pulse width, 
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Fig.5 — Voltage noise immunity of the CD4093B. 


Another important property of the Schmitt trigger 
illustrated in Fig.7, which compares the supply current take 
by the CD4093B with that of the CD4011A, with a long ris 
and fall-time input. The power dissipated by the Schmi 
trigger is clearly much less than that dissipated by the qu 
NAND gate, so that the Schmitt trigger should be used in app! 
cations in which slow iriput edges are anticipated. 

APPLICATIONS 

The application of the CD4093B COS/MOS Schmitt trigg 
in situations which require the logical NAND function and 
timing, waveshaping, and interfacing applications in which t 
Schmitt trigger action on the inputs is utilized are discuss 
below. 
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Fig.6 — Energy noise immunity of the CD40938. 
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Fig.7 — Power consumption with slow input edge; a comparison of the 


— 5V/Division 


CD4093B with the CD4011A. 


Waveshaping 


Sine Wave to Square-Wave Converter — Fig.8 shows a typical 
application of the Schmitt trigger, the sine-wave to square- 
The sine input is ac coupled by capacitor 


wave converter. 
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Fig.8 — Sine-wave to square-wave converter. 


C; Ry and R2 bias the input midway between Vn and Vp, the 
input threshold voltages, to provide a square wave at the output. 


Slow Edges — Slow edges are a common phenomenon in digital 
systems; for example, at the output from a transducer, at the 
end of a long line, or an output with large capacitive load, or 
on the output of a filter. The Schmitt trigger is particularly 
useful in generating a waveform with fast edges in these 
applications, see Fig.9. 
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2V/Division 
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Fig.9 — Sharpening up a slow edge. 
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With an input edge time of 1 second and an output tran- 
sition time of 100 nanoseconds, the improvement in edge time 
is a factor of 107. With longer input edge times the improve- 
ment is even greater. 

Timing — In general, timing circuits use external resistors and 
capacitors to provide time constants. The advantage of the 
CD4093B COS/MOS Schmitt trigger in these applications is 
that the very high input impedance permits the designer to 
use high values of timing resistance. Therefore, long delay 
times may be produced with moderate values of capacitance, 
and small, low-cost capacitors may be used for short and 
medium time delays. 
Edge Delays — In the circuit of Fig.10, the output falling edge 
is delayed with respect to the input leading edge by a time td 
given by: 

VDD 
VDD — Vp 
When the input goes high (Vpp) the capacitor charges up 
towards Vpp through R. When input B reaches Vp, the out- 
put goes low (Vss). As soon as input A goes low, the output 
goes high. 


td, = RC In 
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Fig.10 — Delay on leading edge. 
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By connecting one input to Vpp, as in Fig.11, both edges 
are delayed, because now, when input A goes low, output C 
remains low until capacitor C discharges to Vn. At this time, 
the output goes high. td_ is given by: 
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Fig.11 — Delayed pulse. 


Both edges may be separately delayed by connecting 
different RC timing components to each input, as in Fig.12. 
Now td, and td_ are given by: 


a 
VDD 
td, = R5C2 In Vpp — Vp 
td_ = Ry Cy In YDD_ 
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Fig.12 — Separate delay to each edge. 


Edge Detector — Fig.13 shows a circuit that provides a short 
negative-going Output pulse for every positive-going edge at 
the input. The input waveform is coupled to the input by 
capacitor C; the pulse length depends, as before, on R and 
C. If a negative going edge detector is required, the circuit 
of Fig.14 should be used. 
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Fig.13 — Rising-edge detector. 
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Fig.14 — Falling-edge detector. 


Power-On Reset 


A reset pulse is often required at power-on in a digital logic 
system. This type of reset pulse is ideally provided by the cir- 
cuit of Fig.15(a). Because of the high input impedance of the 
Schmitt trigger, long reset pulse times may be achieved without 
the excess dissipation that results when both output devices are 
on simultaneously, as in an ordinary gate device, Fig.15(b). 


92CS~-25935RI 
Fig.15 — Reset circuit; a comparison of the CD4093B with the CD4011. 
Astable Oscillators 


A range of astable oscillators may be easily constructed by 
using the CD4093B. Fig.16 shows the basic circuit and its 


\/4 C040938 
Voo 
T° 
Vop 
® 
Va i | 
| 
Vsg | | 7 | 
Voo | 
ss 
POWER #| | jn ——0y 
N ri "2 
92CS-25936 


Fig.16 — Astable multivibrator. 
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associated waveforms. Before power is applied, input and out- 
put are at ground potential and capacitor C is discharged. On 
power-on, the output goes high (Vpp) and C charges through 
R until Vp is reached; the output then goes low (Vss). C is 
now discharged through R until Vn is reached. The output 
then goes high and charges C towards Vp through R. Thus 
input A alternately swings between Vp and Vn as the output 
goes high and low. One important advantage of this circuit 
is that the oscillator is self-starting at power-on. 


The oscillator period is given by: 


T= TT] 179 
where Vpp — Vn 
7, =RC In Vpp — Vp 
and 
77 =RCIn 7 


In general 7; # 73, so that to get a 1:1. mark-to-space ratio 
the circuit of Fig.17(a) should be used. When the output is 
low in the circuit of Fig.17, C is discharged through R , in paral- 
lel with Ry, which shortens 7. 1f R> ismuch smaller than Rj, 
short, negative-going pulses are produced, as in Fig.17(b). 
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Fig.17 — Astable oscillator with contro!'ed mark-to-space ratio. 
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In the circuit of Fig.18 the oscillator is gated by signal C 
on the second input of the CD4093B. The oscillator output 
is high while the gating signal is low; the oscillator then osc- 
illates with the period 7, given above, while the gating signal 
is high. 


Interfacing 

The noise immunity of the COS/MOS NAND Schmitt 
trigger is very high, typically greater than SO percent of Vpp 
in each state, as shown in Fig.4. Therefore, it is ideally 
suited to circuitry that requires a very high noise immunity. 
Because of the hysteresis built into the Schmitt trigger, it can 
tolerate noise on a slow input edge without false switching at 
the output, as shown in Fig.19. This noise performance per- 
mits the construction of an ideal interface from an industrial 
environment to a COS/MOS logic system, as shown in Fig.20. 
The CD4093B will function correctly under the most severe 
conditions of input overvoltage and in spite of noise spikes of 
up to hundreds of volts.. The input is kept between VsSg and 
Vpp by Dj, and D2 with Rj, typically 220 kilohms, as a 
current-limiting resistor. Resistor R2 ties the logic input to 
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Fig.18 — Gated astable oscillator. 
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Fig.19 — Rejection of noise on slow input edge. 
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Fig.20 — Industrial-environment to COS/MOS interface. 


Vss should the interface input be open-circuited by the re- 
moval of a PC board from a system, for example. Capacitor 
Cj}, with Rj, acts as a filter and enhances the noise-rejection 
properties of the interface. 
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Astable and Monostable Oscillators 
Using RCA COS/MOS 
Digital Integrated Circuits 


by ™ 
D. V. DiMassimo & 1/3 CD40698 


A. R. Maslowski 
CIRCUIT TECHNIQUES @ 
COS/MOS integrated logic circuits are Gost 
being widely used in digital and other appli- Tet) tty 


cations because of their high noise immunity, ( 92¢$- 27377 
extremely low power dissipation, and toler- ? 72 coa001 Fig. 2 — RC-oscillator operating waveforms. 
ance to wide variations in power-supply 
voltages and operating temperatures. In ad- 
dition, because their high input impedance 
makes it possible to obtain large time 
constants without the use of large capacitors, 
COS/MOS gates can provide cost and size 
reductions in multivibrator circuits.! 

This Note describes several techniques 
that may be used to compensate for the 
normal threshold variation of MOS devices 
in the design of stable multivibrator circuits 
operating at frequencies up to 1 MHz. The 
circuits shown can be formed by the use of 
COS/MOS inverters or COS/MOS NAND or ; 

NOR gates connected in an inverter con- 92¢S -27376 SaaS CeeT Ais 
figuration. NAND and NOR gates perform Fig 1 = Astable multivibrstor circuit that Fig. 3 — Diode protection circuit. 
the inverter function when all of the gate empley swe COS Cyn vane os 

inputs are tied together. This Note also 
describes various applications for COS/MOS 
multivibrator circuits: voltage-controlled os- 
cillators, voltage-controlled pulse-width cir- 
cuits, phase-locked voltage-controlled oscil- 
lators, frequency multipliers, and modulator/ 
demodulators (envelope detectors). 


Astable Circuits 

The circuits shown in Fig. | are those of 
astable multivibrators that use two COS/MOS 
inverters (which may be taken from standard 
RCA COS/MOS parts such as the CD4069B, 
CD4007A, CD4001, or CD4011). Fig. 2 
shows the related waveforms. This simple cir- TRANSFER VOLTAGE (V7p)—PER CENT OF Vop 
cuit requires only two resistors and one ca- 
pacitor and operates in the following manner. 


Resistor R,, connected in series with the input 
of the first inverter, limits the current 
through the input protection circuit, Fig. 3. 
In operation, the input to the first inverter 
is clamped at one diode drop above Vpp or 
one diode drop below Vgg. Depending on 
the output levels of the two inverters, at any 
instant C will be either|charging or dis- 
charging through R. When the voltage at 


TIME PERIOD x RC—SECONDS 


75 
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Fig. 4 — Discrete RC-oscillator time period as a function of transfer voltage. 
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TIME PERIOD x RC— SECONDS 


point 2 in the circuit passes through the cei * 0.01 0.1 io * 100 
transfer voltage level of the first inverter, CONSTANT —k vn 

92CM- 68 
this inverter switches and causes the second Fig. 5 — Discrete RC-oscillator time period as a function of constant, k. 


inverter to switch. The voltage at this point 
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is allowed to switch well above Vpp and 
below Vcg because of Ry. The large swing 
reduces the effects of variations in transition 
voltage (VPR). The variable characteristics of 
the input protection circuit and their effect 
on stability are greatly reduced because of 
Rg. 

The equation for the period, T, of the cir- 
cuits in Fig. | is given by Eq. 1:2 
(VtR)(Ypp  YTR) 


T=—RC In 
(Vpp + Vp)? 


(K ) K {Vv + Vp] 
RC In oD : 


(K +1) K(Vpp+Yrri+{¥tr Ypl 
(K) K iVpp t Vp) 
_ RC In 
(K +1) Ki2Vpp Ytritt¥Ypp Yrr Ypi 
where K = Ry. 
R 


With the equation in this form it is easy 
to see that as K approaches infinity the 
variation in period as a function of Vpp is 
reduced to zero. This result is shown in 
Fig. 4, where period as a function of trans- 
fer voltage is plotted for various values of 
Vpp and K, and in Fig. 5, which shows 


period as a function of K for various values 
of Vpp. Variation in period with transfer 
voltage is also reduced as K increases. This 
variation decreases from 10 percent for 
K = 0 to approximately 5 percent as K 
becomes large. 

There are some limitations on the value of 
Rg. It must nat be made too large since a 
time constant and phase shift is produced by 
Rg and stray wiring and breadboard ca- 
pacitance. This shift creates a switching de- 
lay in the circuit that changes the time 
period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator 
circuit. A reasonable value for K would be 
anywhere from 2 to 10, with maximum and 
minimum values for Rg determined by the 
above considerations. 

Table I shows data measured when typical 
units were employed in the circuits of 


Fig. 1. Fig. 6 shows a typical transfer 
characteristic as a function of temperature. 
The curve shows that there is very little 
change in characteristic from low to high 


TABLE | — FREQUENCY VARIATIONS OF ASTABLE MULTI- 
VIBRATORS UNDER NORMAL CONDITIONS 


Rg = 0.82 M, R = 0.43 M, C = 910 pF, T = 25°C 


temperature. Because the oscillators can 
also tolerate changes in transfer characteristic 
without frequency instability, they require 
no thermal compensation. The frequency at 
55°C is extremely close to that at +125°C. 
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VOLTAGE = +10V | 
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Fig. 6 — Transfer characteristic as a function 
of temperature. 


Table II shows data measured on typical 
units at temperature extremes. The astable 
multivibrators shown in Fig. 1 can be gated 
on and off by use of a NOR or NAND gate 
as the first inverter, as shown in Fig. 7. 


TABLE #1 — FREQUENCY VARIATIONS OF ASTABLE MULTIVIBRATORS AT TEMPERATURE EXTREMES 


Vop =5V 


PERIOD (ms) 


[ave ere [este fere_{-e'el ave eel vere} sel ve [evel we eee ee ee 


R, = 0.82 M, R = 0.43 M, C = 910 pF. 


Yoo 
172 CD4001 


GATING OF OSCILLATOR 


92CS-27379 


Fig. 7 — Astable multivibrator in which a NOR 
or NAND gate is used as the first inverter 
to permit gating of the multivibrator. 


Compensation For 50-Percent Duty Cycles 
The variation in transfer voltage described 
above affects the output-pulse duty cycle, 
as shown in Fig. 8. A true square-wave pulse 
is obtained only when the transfer voltage 
occurs at the 50-percent point. However, the 
duty cycle can be controlled if part of the 
resistance in the RC time constant is shunted 
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Fig. 8 — Waveforms showing effects of transfer 
voltage on multivibrator frequency. 


out with a diode, as shown in Fig. 9. Be- 
cause adjustment of this diode shunt to 
obtain a specific pulse duty factor causes 
the frequency of the circuit to vary, a 
frequency control, R3, is added to compen- 
sate for this variation. It may also be 
necessary to reverse the diode to obtain the 
desired duty factor. The frequency of any of 
the circuits shown can be made variable by 
replacing the timing resistor witha potentio- 
meter. 


Jitter In Astable Circuits 

When using the astable circuits described 
above with other equipment and/or circuits 
that require off-the-board connections, some 


1/2 CO4069 
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Fig. 9 — Astable multivibrator in which a duty- 


cycle control is added. 
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itter in the output waveform may _ be 
ncountered. This jitter is introduced into 
he circuit by noise picked up by the 
‘onnecting cables and board capacitance 
nd stray wiring. This problem can be 
‘orrected with the addition to the circuit 
f an inverter, as shown in Fig. 10, that 
solates the frequency determining circuit 
1odes from pickup by the output node. The 


OUTPUT 


1/2 C040698 
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Fig. 10 — Astable multivibrator circuit with 
buffered output. 


output to the astable circuit is then taken 
from the output of the added inverter. 


Monostable Circuits 

Fig. 11(a) shows a basic one-shot circuit 
that uses a single RC time constant. This 
circuit operates well provided it is adjusted 
to the COS/MOS unit used. If no adjustment 
is made, the period T can vary from unit to 
unit by —40 percent to +60 percent if the 
transfer voltage varies by +33 percent, as 
shown by the waveforms in Fig. 11(b). 

The use of some resistance r, Fig. 11, is 
generally advisable to limit the current if 
Vpp is greater than 5 volts. 
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—J= Vr * 67 % OF Voy 
® Soca al Vir 33 % OF Vop 
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TIME PERIOD 
(b) 92CS- 27383 


Fig. 11 — Basic one-shot multivibrator circuit: 
(a) circuit diagram, (b) waveforms. 


Compensated Monostable Circuit 

Fig. 12 shows a compensated monostable 
multivibrator type of circuit that can be 
triggered with a negative-going pulse (Vpp 
to ground). In the quiescent state, the out- 
put of inverter B is high. Whena negative- 
going pulse or spike is introduced into the 
circuit, as shown in the waveforms of 
Fig. 13, capacitor C, becomes negatively 
charged to ground and the output of inverter 
A becomes high. Capacitor Cz then charges 
to the value of Vpp through diode D, and 


= 173 CO4069B 
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Fig. 12 — Compensated monostable multivibrator 
Circuit. 


inverter A, and the output of inverter B be- 
comes low. As| capacitor C; (discharges nega- 
tively, it charges through resistor Rj to the 
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Fig. 13 — Voltage waveforms for monostable 
multivibrator circuit when a 
negative-going trigger pulse is 
applied. 


value of Vpp (waveform 2). The output of 
inverter A remains high until the voltage 
generated by the charging of C is equal to 
the transfer voltage of inverter A (i.e., until 
the waveform generated by the charging of 
C, passes through the transfer-voltage curve 
of inverter A); at that instant the output of 
inverter A becomes low. Diode D; tempo- 
rarily prevents the discharge of capacitor Cp, 
which was charged when inverter A was 
high (waveform 3). Capacitor Cy then com- 
mences to discharge to ground through 
resistor Ry (waveform 4). The output of 
inverter B remains low until the voltage 
generated by the discharge of Cy becomes 
equal to the voltage at the voltage transfer 
point of inverter B (i.e., until the waveform 
generated by the discharge of Cy passes 
through the transfer-voltage point of inverter 
B); at that point the output returns to its 
high state (waveform 5). 

The advantage of using two inverters 
fabricated on the same chip is that they 
have similar transfer voltages. When two 
equal RC time constants are used (RjC, = 
R5C>), the effects of variations in transfer 
voltage from device to device are effectively 
cancelled out, as shown in Fig. 14. Eq. (1) 
can be used to show that the maximum 
variation in the time period T is less than 
9 percent. The total time for one period, 
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T,, is approximately 1.4 times R)C,. 

Unlike the astable circuit, which shows 
little variation in frequency over the temper- 
ature range from —55°C to +125°C, the 
monostable multivibrator shows some change 
in time period; the variation is less than 10 


© J] 


==" Vip * 67% OF Vo 


@ ge Vtr* 33% OF Von 
! ! 

® = oN 
' 

@ --—_~ _ Nip 267% OF Voo 
' Ver * 33% OF Vop 
' 

® - a | 


92CS$-27366 


Fig. 14 — Waveforms showing the cancelling effects 
of transfer-voltage variations of the two 
COS/MOS inverters when two equal time 
constants are used. 


percent. Table III shows data measured on 
five units over the temperature range cited 
above. At 25°C, the variation in the time 
period T from unit to unit is very small, 
usually less than 5 percent at a Vpp of 10 
volts. 

The output from inverter B can be held 
in the low or zero state as long as the 
R C4 time constant is reinforced by another 
triggering pulse before the discharge wave- 
form it generates passes through the transfer- 
voltage point of inverter B. 

Diode D> in Fig. 12 is internal to the 
COS/MOS circuit. As discussed for the 
astable oscillator, it is part of the input 
protection circuit shown in Fig. 2, and 
clamps the input at Vpp. 


Figs. 15 and 16 show two variations of 
the monostable circuit together with their 
associated waveforms. The circuit of Fig. 15 
triggers on the negative-going excursions of 
the input pulse in the same manner as the 
circuit of Fig. 12. The output pulse is 
positive-going and is taken from the first 
inverter. This circuit does not need an 
external diode. The circuit of Fig. 16 triggers 
on the positive-going excursion of the input 
pulse, and then locks back on itself until the 
RC time constants complete their discharge. 


The circuits of Figs. 15 and 16 cannot be 
retriggered until they return to their quiescent 


states. 


Low Power Monostable Circuit — The 
monostable circuits discussed thus far dissi- 
pate some power because one or both of the 
inverters are on during the charging or dis- 
charging of the capacitor. This power dissi- 
pation will be extremely low provided the 
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TABLE 111 — FREQUENCY VARIATION OF MONOSTABLE MULTIVIBRATORS OPERATING AT THREE TEMPERATURES 


PERIOD oe 
unit |______ se 


“one-shot” pulse width is short compared ta 
the overall cycle time. Fig. 17 shows the 
current waveform associated with the circuit 
of Fig. 12. This waveform is very wide at 
the base, and some current flows for approxi. 
mately twice the time period. 


op PERIOD (ms) | CD4001A 


NO. | Vpp=5V |Vpp = 10 V a ai 8Y Vpp = 12V | Vpp =5V Pd 


9208-27389 
Fig. 17 — Current waveforms for the diode-compen 
sated multivibrator shown in Fig. 12. 


Fig. 18(a) shows a circuit using the 
CD4007A. This device dissipates much less 


PERIOD (ms) CD4011A 


+25°C +125°C 
ut Lo re Tt 
NO. Vpp =5V Vop = 10 V [Vpp = 12 V | Vop =5V Vop = 10 V | Vop = 12 V | Vpp = 5 V Vpop = 10 V{ Vop = 12 V 


Ry = Rp = 43 M, Cy = C2 = 910 pF 
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Fig. 15 — Monostable multivibrator that is triggered by a negative-going input pulse: © 
(a) circuit diagram, (b) waveforms. 
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(a) circuit diagram, (b) waveform. 
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OUTPUT 


power than the other circuits shown but is 

© not as stable; circuit operation is described by 
the waveforms in Fig. 18(b). In the quiescent 
state, the p-channel transistor of the first 
inverter is biased off while the n-channel 
Fig. 16 — Monostable multivibrator that is triggered by a positive-going input pulse: transistor (which derives its control from the 
(a) circuit diagram, (b) waveforms. output of the second inverter) is biased on. 
Therefore, the output at C is low, and that 
at D is high. When‘a negative-going pulse: is 
introduced into the circuit through capacitor 
C,, the p-channel device is turned on. 


/2CD4001A 
C2 
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pacitor, C> then charges to Vpp, the 
tput at D becomes low, and the n-channel 
vice of the first inverter is turned off. 
pacitor C; immediately begins to charge 
Vpp through R; (waveform B). The 
channel transistor remains on, keeping 
pacitor Cy charged to Vpp until the volt- 
e generated reaches the threshold voltage 
el and turns the transistor off. The 
channel transistor of the first inverter is 
ll off because the output of the second 
verter (waveform D) is still low. When 
e p-channel device of the first inverter 
rs off, capacitor C> begins to discharge 
rough resistor Ry (waveform C) to ground. 
; Cy discharges, the voltage passes through 
e threshold-voltage point of the second 
channel transistor, and that transistor be- 
ns to turn on. The voltage then begins to 
e (waveform D), and the n-channel device 
the first inverter turns on and provides a 
cond discharge path for capacitor Cy. As a 
sult, the output waveform changes state 
om low to high very rapidly to complete 
e cycle. 
The major advantage of the circuit of 
g. 18 is its low power dissipation. Because 
e circuit depends on the p-channel tran- 
‘tor threshold, the time period T varies 
om unit to unit and with temperature 
riations. Some compensation can be pro- 
ded if the RyC> time constant is made 
yproximately three times larger than the 
1C, time constant, as shown in Table IV. 


"ABLE IV — FREQUENCY VARIATIONS OF 
MONOSTABLE MULTIVIBRATORS WITH 
TEMPERATURE WHEN RoCo TIME CON- 
STANT IS LARGE COMPARED TO R,C, 


| -s5c | 2c | 125°C | 


¢; = 100K, Ra = 1 M, r= 36K, Cy =C> = 910 pF 


Current in the circuit of Fig. 18 can be 
linimized by removing capacitor Cy so 
hat only stray capacitance is present at the 
iput of the second inverter. A comparison 
f time-period variations under this condition 
; shown in Table V. Again, the variations 
rom unit to unit are caused by differences 
1 p-channel transistor threshold. 


TABLE V — FREQUENCY VARIATIONS OF 
MONOSTABLE MULTIVIBRATORS WITH TEM- 
PERATURE WHEN Cy CONSISTS OF STRAY 
CAPACITANCE ONLY 


PERIOD WITH Vpp = 10 V (ms) 


ae 


R\= 100K, Rj = 1M, r= 36K, C, = 910 pF, C5 = Stray 


APPLICATIONS 


Voltage-Controlled Oscillators 

Fig. 19 shows a circuit similar to the cir- 
cuit in Fig. 1. C is variable (by adjustment 
of C,) and R is variable (by adjustment of 
Va). The value of R varies from approxi- 
mately 1 kilohm to 10 kilohms. These 
limits are determined by the parallel combi- 


CO4007A 


NOTE: 
WVERTERS AND n—CHANNEL DEVICE ARE AVAILABLE IN 
A SINGLE COS/MOS PACKAGE : 


1- C04007 

TYPICAL VALUES: 
R, = 10kQ Cy = 0.00! - 0.004 uF 
Rg * 100 kn Os Vas Vop 


% USE PROPER SUFFIX TO DENOTE PACKAGE 
REQUIRED — SEE APPENDIX. 
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Fig. 19 — Voltage controlled oscillator. 


nation of R1 (10 kilohms) and the resistance 
of the n-channel device, which varies from 
1 kilohm (Ron) to approximately 10? ohms 
(ROFF)- 

When Va = Vog, the n-channel device is 
off and R = Ropp | R1, which is approxi- 
mately equal to RI or 10 kilohms because 
RofrF is very much greater than R1. When 
Va = Vpp: the n-channel device is fully 
on and R = Ron I RI or approximately 


Ron, which is equal to | kilohm because 
Ron is very much less than Rj. 

The center frequency of the oscillator is 
varied by adjustment of C,. 


Voltage-Controlled Pulse-Width Circuits 

Fig. 20(a) shows a further modification 
of the circuit of Fig. 1(a); in the modified 
circuit the pulse width may be modulated 
by varying Va, but only if Ry, is sufficiently 
high. As an example: if C = 0.0022 micro- 
farads, R, will be approximately 35 kilohms. 
Lower values of R, have an adverse effect on 


| PULSE WIDTH us 


OUTPUT 
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frequency. \If R, is less than 10 kilohms, 
there is a value of Va that will cause the 
oscillator to cut off. Table VI lists values of 


TABLE VI — PULSE WIDTH AS A FUNCTION OF Va 
AND Vop 


Va | Vpp=5V | Vpp=10V | Vpp=12V 


30 
30 
30 
28 
26 
26 


C = 0.0015 uF, Period = 55 ps 
pulse width (B in Fig. 20(b)) for various 


values of Va and Vpp. Fig. 20(b) shows the 
waveform for the circuit described. 


OUTPUT 


1- CD4007A 
| R =10k2 
Va + Rg = 100 kn 
ate Ry = 35k2 
C = 0.0005 - 0.0025 uF 


(a) 


b—8—+ 


}~——— PERIOD ———>| 
tb) 
Fig. 20(a) — Voltage controlled pulse-width 
circuit, (b) output waveform. 
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Phase-Locked Voltage-Controtled Oscillator 
The voltage-controlled oscillator, Vco, 

can be operated as a phase-locked oscillator 

by the application of a frequency-controlled 


voltage to the gate of the n-channel device. 
Fig. 21 shows the block diagram of an FM 


discriminator using the phase-locked VCO. 
Block A is the same circuit of Fig. 19. The 
output of the phase comparator is fed to the 
gate of the n-channel device (Va). If the 
two inputs tothe phase comparator are 
different, the change of Va causes the 
output frequency of the VCO to change, 


92cs-27391 


Fig. 21 — VCO used in phase-locked loop. 
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Fig. 22. This change is divided by 2N and 
fed back to the phase comparator. 


INPUT : Modulation/Demodulation (Envelope 
ieee Detection) 

|-cD401! Pulse modulation may be accomplishe 
by use of the circuit shown in Fig. 24(a 
This circuit is another variation of Fig. | 

Modulation or envelope detection 

pulse-modulation waves is performed by th 
circuit shown in Fig. 25(a). The carrier bur: 
is inverted (by inverter A); its first negativ 
transition at point 2 turns on the diode (I 
to provide a charging path for C through tk 
n-channel resistance to ground. On tt 
positive transition of the signal (at point 2 
the diode is cut off and C discharges throug 
R. The discharge time constant (RC) 


Yoo much greater than the time of the burs 
® : | | | | | | | | | | | | | | | | signal period. Point 3, therefore, neve 
ss 


0015S uF 
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reaches the switch point of inverter B unt 
the burst has ended.. The waveforms for « 


points in the circuit are shown in Fig. 25(b). 
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Fig. 24 — (a) Modulator circuit, (b) waveforms. 
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Fig. 25 — (a) Demodulator circuit, (b) waveforms. 


(a) 


No. 1 and the NAND gate, produces a pulse 
Seu eamenan at the output. The trailing edge of the input 
pulse, after having been inverted, is differ- 


] _J Le Le entiated and applied to input No. 2 of the 

2 NAND gate; it produces the second output 

“LSJ Ly pulse from the NAND gate. The waveforms 

3 47 ——— , a for five points in the circuit are shown in 
Fig. 23(b). 
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Fig. 23 — (a) Frequency-doubler schematic, 
(b) waveforms. 
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Guide to Better Handling and Operation 
of CMOS Integrated Circuits 


by J. Flood and H. L. Pujol 


This Note recommends specific handling 
and operating practices that minimize the 
probability of damage to CMOS integrated 
circuits in the manufacturing operation and 
the field environment. 


A description of various gate-oxide net- 
works that protect against electrostatic dis- 
charge in both A-series and B-series RCA 
COS/MOS product is provided. A practical 
explanation of the SCR latch-up mechanism 
and its associated failure mode is given. In 
addition, operating procedures that help pre- 
vent device malfunction are described. 


HANDLING CONSIDERATIONS 


All CMOS devices are susceptible to dam- 
age by the discharge of electrostatic energy 
between any two pins. The gate input is 
equivalent to a small, low-leakage capacitor 
(S picofarads typical) in parallel with a very 
high resistance (1012 ohms typical). This 
extremely high input impedance lends itself 
readily to the buildup of electrostatic charges. 
Therefore, because the gate-oxide breakdown 
of a CMOS device is typically 80 volts, dam- 
age by high levels of electrostatic discharge 
can occur. 

To protect the gate oxide against high 
levels of electrostatic discharge, protective 
networks are implemented on all RCA CMOS 
(COS/MOS) devices, as described below. 


Standard Protection Networks 


Fig. 1 shows the standard protection net- 
work incorporated on all A-series devices 


OvVopd 
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COS/MOS e O OUT 


DIODE BREAKDOWN 


OIs25V 
D2=50V 


* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 
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Fig.1 — Standard protection network. 


and some B-series devices. Input-diode D2 
is a distributed resistor-diode network that 
appears as two diodes to Vpp. 


Improved Protection Network 


Fig. 2 shows the improved protection 
network incorporated on most new 
B-series devices as well as on all A-series, 
B-converted types. 


Dennen eee eee aaaaaeacaaaaaaaaaaaaaaaaaaaaaaaaaacamaamcasascaaaaaad 
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Fig.2 — Improved protection network. 


Other Protective Networks 


Fig. 3 shows the modified protective 
network for a CD4049/4050 buffer. The 
input diode to Vpp is not incorporated so 
that the level-shifting function can occur. 
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Fig.3 — Modified protection network. 


Fig. 4 shows a transmission gate with the 
intrinsic diodes that protect against elec- 
trostatic discharge. 


DIODE BREAKDOWN i GATE 2 


Ol=25V 
D2=50V 
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* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 


Fig.4 — Transmission gate with intrinsic diodes that 
protect against electrostatic discharge. 


The protection networks described in this 
Note were characterized by using the equiv- 
alent body discharge network of Fig. 5. 
There are 12 possible combinations by which 
a device can be damaged. A discussion of 
the combinations is beyond the scope of 
this Note; however, Table I shows worst- 
case protection levels for the above networks. 
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CysHUMAN BODY CAPACITANCE TO GROUND 
R,=BODY SOURCE RESISTANCE 
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Fig.5 — Equivalent-body discharge network. 


Additional protection can be obtained by 
adding external series resistors at device 
inputs. The value of this resistance should 
be in the range of 10 kilohms for gate in- 
puts and 1 kilohm for transmission gate 
inputs, where applicable. In addition, 
zener diodes at the output pins can clamp 
the voltage at a safe level. The zener value 
should not exceed the absolute maximum 
rating of the part. | 

On-chip protection resistors are not 
used on transmission gates so as to main- 
tain low on resistance. Some recent 
designs, however, do have protection 
diodes to Vpp and Vss close to the bond 
pads. The 800-volts worst case capability is 
provided by the intrinsic diodes shown in 
Fig. 4. 


TABLE | — Worst-Case Capability of 
Protective Networks 


Worst-Case 
Protective Network Capability 
Standard 
(inc. CD4049, CD4050) LKV to2 kV 
Improved 4kV 
Transmission Gate < 800 V 


General Handling Rules 


Table I indicates the typical, worst-case 
voltage discharges from the network of 
Fig. 5 that the above networks can with- 
stand. Because every manufacturing en- 
vironment is different, levels above those 
shown in Table I should be anticipated 
and protected against by following the 
handling recommendations of Table II. 

Dry weather (relative humidity less 
than 30 percent) tends to increase greatly 
the accumulation of static charges on any 
surface. Conversely, higher humidity 
levels (40 to 50 percent) tend to reduce the 
magnitude of the static voltage generated. 
In a low-humidity environment, the 
handling precautions listed above take on 
added importance and should be adhered 
to without exception. 


HANDLING OF UNMOUNTED CHIPS 


In handling unmounted chips, dif- 
ferences in potential should be avoided. A 
conductive carrier or a carrier having a 
conductive overlay should be _ used. 
Another important consideration is the 
sequence in which bonds are made; the 
Vpp (device supply) connection should 
always be made before the Vcg (ground) 
bond. 


HANDLING OF SUBASSEMBLY BOARDS 


After COS/MOS units have been mounted 
on circuit boards, proper handling precau- 
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TABLE I! — General Handling Recommendations 


Should be 
conductive 
Handling equipment Xx 
Metal Parts of Fixtures 
and Tools 
Handling Trays Xx 
Soldering Irons 
Table Tops X 
Transport Carts xX 
Manufacturing Operating 
Personnel 


General Handling of Devices 


tions should still be observed. Until these 
subassemblies are inserted into a complete 
system in which the proper voltages are 
applied, the board is no more than an ex- 
tension of the leads of the device mounted 
on the board. 


It is good practice to put conductive 
clips or conductive tape on the circuit-board 
terminals. This precaution prevents static 
charges from being transmitted through the 
board wiring to the devices mounted on it. 


AUTOMATIC HANDLING EQUIPMENT 


When automatic handling equipment is 
used, it may not always be possible to 
eliminate static electricity through ground- 
ing techniques alone. Automatic feed mech- 
anisms must be insulated from the devices 
under test at the point where the devices are 
connected to the test set. The anvil transport 
portion of the automatic handling mechanism 
can generate very high levels of static elec- 
tricity as a result of the continuous flow of 
devices over and then separating from the 
anvil. Total control of these static voltages 
is critical because of the high throughputs 
associated with automatic handling. 


Fortunately, the resolution of this prob- 
lem is simple, practical, and inexpensive. 
fonized-air blowers, which supply large vol- 
umes of ionized air to objects that are to be 
charge neutralized, are commercially avail- 
able from many supply sources. Field ex- 
perience with ionized-air techniques reveals 
this method to be extremely effective in 
eliminating static electricity when grounding 
techniques cannot be used. 


Failure Mechanisms 


Electrical damage resulting from handling 
is usually caused by either of the two follow- 
ing failure mechanisms: 


1. Low-level static electricity (voltage of 
1 kV to 4 kV). Input diode protec- 
tion may be overstressed and input 
leakage currents as high as 1 milli- 
ampere across diodes may cause a 
malfunction. 


i) 


High-level static electricity (voltages 
greater than 4 kV). Gate oxides may 
become short-circuited. Inputs to 
Vpp or Vsg terminals will be low- 
impedance inputs. 


Should be grounded 
to common point 


X 


X 
X 


Utilize grounded, metal or conductive 
plastic wrist straps with 1-megohm 
series resistor 

Utilize grounded, metal or conductive 
plastic wrist straps with 1-megohm 
series resistor 


The presence of these types of device 
malfunction can be detected by curve-tracer 
checks of the input protection diodes des- 
cribed above. Diode degradation resulting 
from static electricity is observable in the 
low-reverse-breakdown characteristics shown 
on the curve tracer. On the other hand, 
damage resulting from high levels of static 
electricity are observed as a resistive short 
to Vpp or Vss. 


Typical Manufacturing Area Procedure 


The example below illustrates all of the 
above recommendations for handling CMOS 
devices in a typical manufacturing environ- 
ment. Although existing protective networks 
offer a high level of protection against elec- 
trostatic discharge, this example emphasizes 
specific precautions that can help eliminate 
damage. 


Receiving Area 


Devices should not be removed from their 
conductive or antistatic carriers. If devices 
are not received in conductive or antistatic 
packing material, they should be returned to 
the supplier. 


Incoming Inspection 


Physical — Parts should be counted without 
removing them from their containers. 


Storage — Devices should remain in carriers. 
Even a partial removal of IC’s from a carrier 
should only be done by a grounded operator. 
Devices removed should be placed in a con- 
ductive tray. 

Electrical — All testing should be performed 
by a grounded operator. Devices should 
be reinserted in conductive carriers after 
completion of a test. 


PC Board Assembly 


It is desirable that PC boards have shorting 
bars installed prior to assembly (soldering). 
Where possible, CMOS IC’s should be the 
last component installed on the PC board. 


Boards should be transported to the wave- 
solder area in conductive carriers. Flux 
removal should be done with an acceptable 
solvent. Examples of specific, acceptable 
alcohols are isopropanol, methanol and spe- 
cial denatured alcohols such as SDAI , SDA 30, 
SDA34 and SDA44. The removal of flux 


from non-hermetic and molded-plastic de- 
vices by means of soap and water in a dish- 
washer is NOT recommended as this pro- 
cedure will adversely affect the long-term 
life of the device. 


OPERATING CONSIDERATIONS 


Proper operating procedures are as im- 
portant as proper handling techniques. A 
review of RCA COS/MOS A-series and B- 
series Operating characteristics and ratings 
is given in Table IIT. 


Operating Voltage 


When devices are operated near the maxi- 
mum _ supply-voltage range, power-supply 
turn-on or turn-off transients, power-supply 
ripple or regulation, and ground noise should 
be suppressed; any of the above conditions 
must not cause (Vpp — Vsgs) to exceed the 
absolute maximum rating. A good practice 
is to use a zener protection diode in parallel 
with the power bus. The zener value should 
be above the expected maximum regulation 


excursion, but should not exceed the maxi- 
mum supply voltage. Fig. 6 illustrates a 
practical zener shunt circuit. A current- 
limiting resistor is included if the supply- 
current compliance is higher than the zener 
power-dissipation rating for a given zener 
voltage. The shunt capacitor value is chosen 
to supply required peak-current switching 
transients. 


SUPPLY VDD 


1 
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Fig.6 — Zener-diode shunt circuit. 
Unused Inputs 


All unused input leads must be con- 
nected to either Vgg or Vpp, whichever 
is appropriate for the logic circuit involved. 
A floating input on a high-current type 
(such as the CD4009A ,CD4010A, CD4041A, 
CD4049A, CD40S0A) can result not only 
in faulty logic operation, but can cause the 
maximum power dissipation of 500 milli- 
watts to be exceeded; the result may be 
damage to the device. Another considera- 
tion with high-current devices is the need 
for a pull-up resistor between the inputs 
and Vss or Vpp should there be any possi- 
bility that the device terminals may become 
temporarily open or unconnected (e.g., if 
the printed circuit board driving the high- 
current types is removed from the chassis). 
A useful range of values for such resistors is 
from 0,2 to 1 megohm. 


Input Signals 

Signals should not be applied to the in- 
puts while the device power supply is off 
unless the input current is limited to a 
steady-state value of typically less than 10 
milliamperes. Input-signal interfaces that are 
the allowable 0.5 volt above Vpp or below 
Vss should be current-limited to typically 
10 milliamperes or less.. 

Whenever the possibility of exceeding 
10 milliamperes of input current exists, 
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TABLE I11 — Maximum Ratings of RCA COS/MOS Devices 
(Voltages referenced to Vss) 


DC Supply Voltage Range 


Recommended Operating 
Voltage 


DC Input Voltage Range 


3 to 15 V (A Series); 3 to 20 V (B Series) 


3 to 12 V (A Series); 3 to 18 V (B Series) 
—0.5to Vpp + 0.5 V 


Dissipation per Package 500 mW 
Device Dissipation per 

Output Transistor 100 mW 
Storage Temperature 

Range —65 to +150°C 


Operating Temperature Range 
Ceramic Package Types 
Plastic Package Types 


Lead Temperature (during 
soldering) at a distance 
1/16 + 1/32 inch (1.59 + 
0.79 mm) from case for 
10 seconds max. 


a resistor in series with the input is recom- 
mended. The value of this resistor can be as 
high as 10 kilohms without affecting static 
electrical characteristics. However, speed 
will be reduced because of the added RC 
delay. Particular attention should be given 
to long input-signal lines where high induc- 
tance can increase the likelihood of large- 
signal pickup in noisy environments. In 
these cases, series resistance with shunt 
capacitance at the IC input terminals is 
recommended. The shunt capacitance should 
be made as large as possible consistent with 
the system speed requirements. 


Fan-Out — COS/MOS te COS/MOS 


All RCA COS/MOS devices have a dc 
fan-out capability of greater than SO. The 
reduction in COS/MOS switching speed 
caused by added capacitive loading should, 
however, be consistent with high-speed sys- 
tem design. The input capacitance is typ- 
ically 5 picofarads for most types; the 
CD4009 and CD4049 buffers have a typical 
input capacitance of 15 picofarads. 


Maximum Clock Rise and Fall Time 


All COS/MOS clocked devices show maxi- 
mum clock rise- and fall-time ratings (nor- 
mally 5 to 15 microseconds). With longer 
rise or fall times, a device may not function 
properly. 


Parallel Clocking 


When two or more different CMOS de- 
vices use a common clock, the clock rise 
time must be kept at a value less than the 
sum of the propagation delay time, the 
output transition time, and the setup time. 
Most flip-flop and shift-register types are 
included in this rule and are so noted in the 
individual data sheets. 


Output Short Circuits 


Shorting of outputs to Vsg or Vpp can 
cause the device power dissipation to exceed 
the safe value of 500 milliwatts. In general, 


+ 265°C 


—55 to +125°9C 
—40 to +85°C 


Outputs of these types can all be safely 
shorted when the device is operated with 
(Vpp — Vss) <5 volts, but the 500 milli- 
watt dissfpation ratings may be exceeded 
at higher power-supply voltages. For cases 
in which a short-circuited load, such as the 
base of a p-n-p or n-p-n bipolar transistor, 
is directly driven, the device output charac- 
teristics given in the published data should 
be consulted to determine the requirements 
for safe operation below 500 milliwatts. 
Note that a single output transistor short 
must be limited to 100 milliwatts. 


SCR Latch-Up 


Operation above maximum ratings can 
force CMOS devices into a p-n-p-n SCR 
“latch-up”’ mechanism, which can be des- 
tructive. Any transients should be avoided 
and any large loads occurring during oper- 
ation near the maximum rating should be 
avoided. 


“Latch-up” is considered to be the cre- 
ation of a low-resistance path between the 
power supply and ground on a circuit during 
an electrical pulse; the path remains a low- 
resistance path after the pulse. In CMOS 
circuits, several parasitic bipolar transistors 
exist, as shown in Fig. 7. The p-n-p transistor 
is a wide-base lateral structure whose 8B, 
normally less than 0.2, is a function of device 
geometry. Ihe conditions tor SCR turn-on 
are as follows: 


DRAIN 


“GB 
teller TL 


/ — 
Lot) (a4) 


VERTICAL npn 
B= 20 
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Fig.7 — Parasitic bipolar transistors in CMOS circuits. 
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1. Bn-p-nx 8 p-n-p2 1 
(vert.) (lat.) 


2. The lateral p-n-p and vertical n-p-n 
base emitter junctions are forward 
biased. 


3. The bias circuit that applies power to 
Vpp and to the input must be capable 
of supplying current equal to the hold- 
ing current of potential SCR’s. 


Fig. 8 shows the equivalent circuit for the 
SCR structure present in CMOS circuits. 


Vop 


a] 
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Fig.8 — Equivalent circuit for the SCR structure 
present in CMOS circuits. 


Fig. 9 shows a curve of Ipp as a function 
of Vpp, which illustrates the effect of 
secondary breakdown and SCR latch-up. 


SCR 
TURN -ON | --- 
CURRENT 


Tsus 


Vsus Bxon 


Voo 
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Fig.9 — Curve illustrating effect of secondary 
breakdown and SCR latch-up. 


Table IV shows typical values of break- 
down voltage and sustaining voltage and 
current for RCA COS/MOS A-series and 
and B-series devices. The table shows that 
B-series devices are much harder to latch 
than A-series types because of the higher 
breakdown voltage. 


TABLE IV — Breakdown Voltage and Sus- 
taining Voltage and Current Values 


Characteristic A-Series B-Series 
V 25 V 
VBKDN,;, 7 
Vsus 15 V 22 V 
lous Type-Dependent 50—100 mA 
2—40 mA 
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Fundamentals of Testing COS/MOS Integrated Circuits 


by J. Flood 


This Note describes the techniques em- 
ployed in testing RCA COS/MOS devices to 
assure their adherence to data-sheet specifi- 
cations, and provides information useful in 
data-sheet interpretation and in the inspection 
of incoming devices. RCA COS/MOS devices 
are available in two basic families: A-series 
(3- to 15-volt product) and B-series (3- to 
20-volt product). 

RCA COS/MOS circuits are 100-percent 
tested by circuit probe in the wafer stage and 
are 100-percent tested again after they have 
been packaged. DC tests of RCA devices are 
performed at 5, 10, 15, and 20 volts; func- 
tionality is checked at 3, 17, and 22 volts 
depending on family (i.e., A or B series). 
Sample testing is used to assure adherence to 
quality requirements and ac specifications. 

Static tests, high-speed functional and dc 
parametric tests, are performed at wafer and 
package stages by means of a Teradyne J283 
test set. A Teradyne S157CM test set and a 
Macrodata MD154 test set are used in dynamic 
testing. Dynamic tests are performed with 15 
and SO picofarad loads. Testing at 15 pico- 
farads is accomplished primarily by labora- 
tory “bench-test” techniques; automatic 
testing at 15 picofarads is difficult because 
of the high input capacitance (approximately 
20 to 35 picofarads) of most automatic ac 
test sets. 

Users should follow the sequence below 
when testing COS/MOS devices: 

. Insert the device into the test socket. 

. Apply Vpp. 

. Apply the input signal. 

. Perform the test. 

. On completion of test, remove the input 

signal. 

Turn off the power supply (Vpp). 

. Remove the device from the test socket 
and insert it into a conductive carrier. 
COS/MOS devices under test must not be 
exposed to electrostatic discharge or for- 
ward biasing of the intrinsic protective 
diodes shown in Fig. 1. 

For detailed COS/MOS IC handling and 

operating considerations, refer to RCA Appli- 

cation Note, Guide to Better Handling and 

Operating of CMOS Integrated Circuits.! 


STATIC TESTING 
DC-Parameter Testing 


nN BW — 


IO 


DC parameters are those specified for 
steady-state conditions; dc testing of RCA 
devices is done at 5, 10, 15, and 20 volts 
depending on the family under test. Non- 
varying forcing conditions are applied to the 
inputs and/or outputs of a package while the 
device terminals are monitored for expected 
voltage or current levels. 

DC-parameter tests include: 

Functional tests 

Contact tests (diode measurement ) 
Leakage tests: quiescent and input 
Breakdown voltage tests 

Output voltage levels 


D2 
4 

COS/MOS 
| | 


INTRINSIC DIODES 


Bh) 


— INTRINSIC DIODES 


(b) 
92CS-28362 


Fig. 1 — (a) Standard protection network used on all 
CD4000A- and some CD4000B-series devices; 
(b) improved protection network used on all 


new RCA COS/MOS devices. Diode breakdown: 


D1 =25 V, D2=50V, R2 << Rl. 


Input voltage test (includes noise- 
immunity and noise-margin tests) 

Output drive-current measurements 

Diode tests 

Input-capacitance measurements 

Additional tests as required 


Second Fail 


Functional 
Tests 


Leakage: 


Reject Quiescent 


Pass 


Pass 


Leakage: 
; Input 


Fail 


Ir put-Voitage 
Tests 
(Noise Immunity, 
Noise Margin) 


Output 
Drive 
Current 


Diode Tests 
At Quality 
Only 


Pass 


A typical CMOS IC test sequence is shown 
in Fig. 2. 


Functional Tests 


Functional tests assure that the device 
under test will perform its logical operations 
in accordance with its truth table. The 
operating voltages for functional tests are 
shown in Table I. Operation is checked 


Table I — Operating Voltage Limits 
For Functional Tests 


Recommended Min. Max. 
4000A Series 3-12 3 15 
4000B Series 3-18 3 20 


against truth table values by monitoring 
output-voltage levels for valid logic-high and 
logic-low levels. Output logic levels for func- 
tional tests are: 


Logic ‘ha < Vss +0.5 V 
> 


Logic 1: 2>Vpp —0.5 V, Vpp is 


referenced to Vcc. 


Fig. 3 shows an example of a CD4001 
NOR gate functional test. Vpp is selected to 
cover the desired range of operation. This 
test is performed at a relatively low frequency 
(<<fcL max.) and with no load other than 
stray and probe capacitances. 

When complex circuits such as the CD- 
4094B, Fig. 4, are tested, input signals must 


Reject 


Contact 


Retest 
Test 


Fail (On Engineering 
Studies) 


Check For 
Good Contact 
With Test Set 


Insert 
Properly 


Good Device 
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Fig. 2 — A typical COS/MOS IC test sequence. 
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Fig. 3 —- Example of CD4001 NOR -gate 
functional test. 


be applied to control the functions being 


examined. The CD4094B is an 8-stage shift. 


and store register whose eight stages are 
composed of D-type flip-flops connected in 
sequential logic form with a common clock. 


In addition to the flip-flop chain, the device 
has a latch option at each parallel output 
stage; the latch is controlled by the strobe 
input level. The parallel outputs are three- 
state and are controlled by the output enable 
level. Data stored in the register is available 
at the serial outputs on both the positive and 
negative clock transitions. 


Prior to performance of the static or dc 
parameter tests, which reflect the data-sheet 
specifications, all register functions must 
perform 100 percent. Compliance of a device 
with functional test requirements is deter- 
mined by monitoring all outputs for proper 
operation. Functional testing is performed by 
applying the waveforms shown in the timing 
diagram of Fig. 5 to the device under test, in 
this case the CD4094B of Fig. 4. The tests 
are performed at a frequency well below the 
maximum operating frequency of the device. 
Input logic 1 levels are equal to Vpp; input 
logic O levels are equal to Vss. Again, output 
logic 1 and Olevels are equal to Vpp — 0.5 V 
min. and Vsg + 0.5 V max., respectively. 
Functional tests for B-series devices are per- 


formed ata Vpp — Vss of 22 volts, 2.8 volts, 


and at intermediate levels depending on the 
device type. 


The timing diagram, Fig. 5, shows 0-level 
data being clocked into the internal Q output 
of the shift register while the strobe input is 
maintained low. After eight positive clock 
transitions, all the internal Q outputs are at 
logic 0. Prior to the next positive clock 
transition, the strobe goes to a | state; this 
condition shifts the zeroes from the internal 
Q outputs to the external Q outputs and the 
serial outputs. At this time all outputs are at 
logic O. The following clock pulses, those 


starting at time slot 1, begin shifting 1’s and 
0’s to the parallel outputs. The alternate 1’s 
and 0’s are fed into the register up to the 
negative transition at time-slot 8. At this 
time the strobe input is sent low to check 
functionality of the latch. Note that a O data 
bit was transmitted to the Q1 output on the 
positive clock transition at time-slot 8; how- 
ever, a positive transition at time-slot 9 does 


Output 
Enable 


8 Latches 
(Holding Register) 


Data In 
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not shift the positive data input to the Q] 
output. The Q! output remains latched low 
because of the low level at the strobe input. 
When the strobe goes high, the | data bit is 
transmitted to the Q1 output. At this point 
the latch functionality plus the functions of 
the strobe, clock, data inputs, Qs outputs, 
and Q outputs, Fig. 4, are fully tested, as 
shown by the timing diagram. 


O6 Q7 a8 
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Fig. 4 — Functional diagram of the CD4094B. 
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Serial Out 
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Fig. 5 — Waveforms used in functional testing. 
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Leakage Current Tests 


Two types of static leakage currents are 
of concern in COS/MOS devices: Quiescent- 
leakage and input-leakage current. 


Quiescent Leakage Current—In bipolar logic 
devices, such as TTL devices, the current 
paths that exist from the power source to 
ground in the quiescent state cause milli- 
amperes of current to flow even when the 
device is not functioning. Quiescent leakage 
may be defined for a COS/MOS device as 
that current that flows from Vpp to Vss 
when, theoretically, all paths for current 
flow have been opened because the MOS 
device is off, Fig. 6. 


+V 


Vpp 


High Impedance 
(Typically 1012 ohms) 


p-Device Open 


DAD aADodaDdddaADD dD 


tt 
< 
a 


Typical input-leakage-current values for 
COS/MOS devices are in the picoampere 
range, hence the high input impedance. 
Automatic test sets cannot measure pico- 
ampere values because of test-set resolution. 
Input currents are measured using 100 nano- 
amperes as the maximum allowable leakage 
for a single input. 


Examples of quiescent and input leakage 
test methods are shown in Figs. 8 and 9. In 
Fig. 8, the quiescent leakage current IL (Ipp 
may be substituted for IL) is measured by 
eliminating all current paths from Vpp to 
Vss. This is done by turning off either tne n 


+V 
Vop 


"| n-Device Open 


Vss 


WANANAQANAN ANN 
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Fig. 6 — Schematic representations of p andn 
devices when turned off. 


There is no perfect switch. However, the 
COS/MOS technology offers quiescent de- 
vice currents that are orders of magnitude 
lower than in other forms of digital logic. 

Quiescent-leakage tests are performed for 
all device states according to their respective 
truth tables. Voltages for quiescent leakage 
tests are S, 10, and 15 volts for the CD4000A 
series and 5, 10, 15, and 20 volts for the 
CD4000B series. Power dissipation for 
COS/MOS devices is in the microwatt range 
regardless of complexity level, and is relatively 
stable with variations in temperature. 


Input-Leakage Current—Input-leakage current 
is current that flows through reverse-biased 
diodes, whether intrinsic or diffused, and 
through the input-protection network con- 
nected to the gate. The diodes present in 
standard and improved protection networks 
are shown in Fig. 7. 


Vop VoD 
Vss Vss 
(a) (b) 
92CS—28367 
Fig. 7 — (a) Standard and (b) improved protection 
networks. 
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p Device OFF 


d 
‘= 


or the p devices. The current may be meas- 
ured in the Vpp or the Vsg line, whichever 


is more convenient. Unused inputs must be 
connected either high or low, depending on 
the channel leakage to be measured. 

Input leakage current in Fig. 9 is measured 
by means of the gate input. Typical input 
impedance is 10! ohms; therefore, typical 
input leakage currents are in the picoampere 
range. Figs. 8 through 14 show various test 
circuits for the CD4001 A. 


The testing of MSI and LSI parts for 
quiescent leakage current is more complex 
than that for SSI devices. However, the test 
is performed in a manner similar to that of 
the functional test described previously. The 
CD4090, for example, is connected as shown 
in Fig. 15. The device is then clocked into 
its various states, and the current monitored 
at applicable time slots. 

Fig. 16 shows the intrinsic protection cir- 
cuitry at each external-gate input. With S] 
connected to either current source, the 
voltage drop from the gate input to ground 
will be one diode drop. A limit of 1.5 volts 
maximum is usually used to indicate a good 
diode. With SI connected to the +100 
microampere supply, the presence of the 
protective diode to the n substrate is tested. 
With SI connected to the —100 microampere 
supply, the presence of the protective diode 
to the p well is tested. In the event of func- 
tional test failures, the above test can be 
used as a “contact test’’ to check for proper 
insertion of the device under test. 


Fig. 8 — Measurement of quiescent leakage current. 


(a) Input Leakage—Input High (1),4) 
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(b) Input Leakage—Input Low (Ij, ) 
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Fig. 9 — Measurement of input leakage. 
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Fig. 10 — Quiescent-device-current test circuit Fig. 11 — Quiescent-device-current test circuit Fig. 12 — Quiescent-device-current test circuit for the 
for the CD4001A, leakage-inputs 1 (I; ). for the CD4001A, leakage-inputs 2 (I, ). CD4001A, leakage - n-devices off (I ). 
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Fig. 13 — Input-current test circuit for the Fig. 14 — Input-current test circuit for the Fig. 15 — Functional-test arrangement for the CD4090. 
CD4001A, input high (1;p4). CD4001A, input low (17, ). 
Voltage Breakdown Tests 
Breakdown tests are performed on the n 
and p channels of COS/MOS devices in a 
manner similar to that of quiescent-leakage- 
rpo---c4 Vop current tests. The purpose of the breakdown 


test is to assure that channel breakdowns can 
only occur at voltages above the maximum 
guaranteed supply voltage; Table II gives 
limits by series. Voltage breakdown test 
circuits are shown in Fig. 17. With switch S1 
in position 1, the n devices are on and the pt- 


| 
| 
Constant \+100 pA | 
| 


Current @)) S1 


Generators 

CGD to-n-substrate diodes are stressed. With switch 

~100 uA SI in position 2, the p devices are on and the 
n*-to-p-well diodes are stressed. 
VSS ° . 
Table II — Channel-Breakdown Limits 
= Max. 
Test Voltage Current Limit 
92CS- 26836 

Fig. 16 — Intrinsic protection circuitry at each external CD4000A Series 5 V 100 uA 


input of a COS/MOS device. 
CD4000B Series 20 V 100 pA 
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p Channel 


n Channel 


VoD 


n Substrate 
VoD 


p Well 


(b) 
92CS- 28388 


Fig. 17 — Voltage-breakdown test circuit. 


Output-Voltage Levels 


The output-voltage low (VOL) and the 
output-voltage high levels (VOQH) of a 
COS/MOS device approach Vpp and Vss 
within a few millivolts. Tests for VOL and 
VOH are primarily bench-type static tests 
performed as shown in Fig. 18. With switch 
SI in position 1, one n device is turned on 
and the p devices are turned off. The voltage 


Output will be at VSs + 0.05 volt or Vsg — 0 
volt. With switch S1 in position 2, all p 
devices will be turned on and the n devices 
will be turned off. The voltage output will be 
at Vpp + 0 volt or Vpp — 0.05 volt. 

Few automatic test sets have the resolu- 
tion to measure an offset of 50 millivolts 
from the Vpp and Vsg supply with satis- 
factory accuracy at reasonable test speeds. 


= 4 n Channel On 
| Vss 


$1 in Position 1 
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Vpo 


po 


| p Channels On 
) VOH 


S1 in Position 2 


92CS-26838 


Fig. 18 — Test of output voltage levels 
(Voy and Voz) of a CD4001A. 
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Note that in functional testing, the pass/fail 
criteria for high and low output states of the 
device is a maximum of 500 millivolts 
deviation from Vpp and Vss. 


Noise Immunity 
Noise immunity, VNL, VNH, is defined 


as the maximum low-level input (Vy{L) for 
which an output logic level does not change 
state, and the minimum high-level input 
(VIH) for which the output does not change 
state. 

The typical noise immunity of a COS/MOS 
device is 45-percent of Vpp; i.e., the input 
voltage low and high levels will typically 
change 45-percent of their values before the 
output logic level changes. V[L_ is guaranteed 
to be amaximum of 30 percent of Vpp; VIH 
is guaranteed to be a minimum of 70 per- 
cent of Vpp. 


Noise Margin 


Noise margin is the difference between a 
device output voltage and Vy]; ie., the 
magnitude of noise-margin voltage is that 
noise voltage that may be added to any 
COS/MOS input/output mode. 

Noise margin and noise immunity are 
guaranteed to meet data-sheet specifications 
by the performance of input voltage tests, as 
shown in Fig. 19. The input voltage test is 
performed for each device as in functional 
testing. Vjp. and V]H are applied according 
to the device’s truth table. The outputs are 
monitored for an expected VNMH and 
VNML state (voltage noise margin, voltage 
noise margin low). 


VNML = YOL ~ VIL 

VNMH = YOH ~ VIH 

Vit = YNL 

ViH = Yop ~ YNH 
Output Drive Current 


Tests for output drive currents—Ipn (or 
IOL), sink current, and [pp (or IQH), source 
current—are conducted by means of the cir- 
cuits shown in Figs. 20 and 21. 


The purpose of the sink-current test, Fig. 
20, is to determine the amount of current 
that the output n device is capable of sinking 
(with the n channel on) at a given output- 
voltage level. Fig. 20(a) shows a CD4001 AD 
device whose Vpp is equal to 10 volts and 
whose voltage output is specified at 0.5 volt. 
The amount of current that the output de- 
vice can sink varies depending upon the 
voltage drop across the device (Vps) for a 
fixed VGs. n-channel drain characteristics are 
shown in Fig. 20(c). 

The purpose of the source-current test, 
Fig. 21, is to determine the amount of 
current that the p device is capable of 
sourcing (with the p channel on) at a given 
output-voltage level. Fig. 21(a) shows a 


CD4001AD device whose Vpp is equal to 


10 volts and whose voltage output is specified 
at 9.5 volts. Under these conditions, the 


= Inputs Outputs 
Vit Max. 
Connect For All 
Functional States 
COS/MOS 
a Device 
Vin Min. Under Test 


92CS-28374 


Fig. 19 — Input-voltage-level test arrangement. 
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Drain-To-Source Volts (Vps) 


92CS-26841 
(c) 


Fig. 20 — Output drive current (I py), sink-current, 
test arrangement. 


92CS-26842 
(a) (b) Equivalent Circuit 


Fig. 21 — Output drive current (I pp), source current, 
test arrangement. 


Gate To-Source Voltage (VGS) = -1b Vv 20 
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output dive current will be a minimum of 
0.25 milliampere. The amount of current 
that the device can source varies depending 
upon the voltage drop across the device 
(Vps) for a fixed VGs. p-channel drain 
characteristics are shown in Fig. 21 (c). 

These current-voltage relationships can be 
verified, theoretically, by the use of the 
following equations. 

In the triode region: 


2K'W Vps~ 


IpD-~__ | Yps YGs-VtH)- 5— | OS 


Vps<(VGgs-VTH) 


In the saturated region: 


K'W : 
Ip>, ~—s| “Gs-YTH = 
(VGs-VTH)SVps 
Where Vp = drain-to-source voltage 
VGs = gate-to-source voltage 
VTH = device threshold voltage 
HEY 


t 


i 


mM =effective surface mo- 

OX bility of the carrier 
in the channel 

Eo =permittivity of the 
oxide 
tox =Oxide thickness 
W = channel width 
2 = channel length 


Input Capacitance 

The input capacitance of a device is 
measured as shown in Fig. 22. A capacitance 
bridge is connected between each input and 
Vss. The capacitance is then measured after 
all stray capacitance has been nulled. The test 
is performed at a 1-MHz bridge setting. De- 
vice input capacitance is considered accept- 
able if the bridge reading is less than the 
maximum input capacitance specified on the 
data sheet. 


Drain-To-Source Voltage (VDS)—Volts 


1S 1413121110 9 8 7 6 5 432 1 0 


Min | 16 


Drain Current (1D)—Milliamperes 


_— — Ma» l 18 


(c) 
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Fig. 22 — Input capacitance measurement. 


DYNAMIC TESTING 
Propagation Delay and Transition Times 


Propagation Delay (tpy 4) is measured from 
the 50-percent point of the input pulse to 
the 50-percent point of the output pulse as 
the output goes from a low level to a high 
level. 


Propagation Delay (tpyyy) is measured from 
the 50-percent point of the input pulse to 
the S0-percent point of the output pulse as 
the output goes from a high level to a low 
level. 


Transition Time (ty) is the time required 
for the output to make the transition from 
the low state to the high state (n device turns 
off, p device turns on). This time is measured 
from the 10-percent point to the 90-percent 
point of the output pulse. 


Transition Time (ty) is the time required 
for the output to aaiee the transition from 
the high state to the low state (p device turns 
off, n device turns on). This time is measured 
from the 10-percent point to the 90-percent 
point of the output pulse. 


Dynamic parameters are measured at a 
specified load of 15 and/or 50 picofarads. 
The load specified is for total capacitance 
including stray and probe capacitance. Fre- 
quency is not a critical factor in determining 
switching speeds of COS/MOS devices. Test- 
ing should be done at a frequency compatible 
with the test set or laboratory equipment in- 
volved and must be less than the maximum 
operating frequency. Fig. 23 shows waveforms 
used in the measurement of propagation 
delay and transition times. 

Note that certain dynamic tests, when 
performed on a go-no-go basis, are conducted 
with specified limits as test conditions and 
with the device outputs monitored. Para- 
meters tested in this way include set-up 
times, minimum clock, reset and preset 
pulse widths, clock rise and fall times, maxi- 
mum clock frequency, and preset and reset 
removal times. Parameters such as propaga- 
tion delay and transition times are tested 
under a set of prescribed conditions so that 
the test yields actual characteristic data. 


Maximum Operating Frequency 


The maximum operating frequency, fC, 
is that clock input frequency above which 
the device will no longer perform its logical 
function. This frequency is determined by 
gradually increasing the input frequency 
while monitoring the output until the device 
no longer functions properly. The input fre- 
quency is then lowered until the device re- 
sumes correct operation. The frequency thus 
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Fig. 23 — Waveforms used in the measurement of 
propagation delay and transition times. 


determined is the maximum operating fre- ting frequency is applied to the device while 
quency of the individual device. the outputs are monitored. This is a go-no-go 

When ‘testing for compliance a device for test_ as opposed to a characterization test. 
which a maximum operating frequency has _ Fig. 24 shows a CD4013, dual D-type 
been specified, the maximum specified opera- flip-flop, under test for maximum operating 


Vop 
mou Le 


10% 90% 
tr t 
Clock Input 
' 50% 
50% 
Expected 
Output 
ie £/2 
50% 50% 

Test Conditions (Per Data-Sheet Specifications*) 
* Pulse-Generator Amplitude 10 V 

Pulse-Generator Impedance-Matching Resistor (R) 50 ohms 
*Pulse-Generator Rise and Fall Times (t, = t¢) 20 ns 
*Pulse-Generator Input Frequency (fc_) 7 MHz 


*Load Capacity — C, (Including Stray and Probe) 15 pF, 50 pF 


92CS-—28379 
Fig. 24 — Test circuit for measuring the maximum 
operating frequency of a CD4013A/B. 


frequency at an Operating voltage of Vpp— 
Vss of 10 volts. 


Set-Up Time 


Set-up time (ts) is the time interval during 
which a signal is applied and maintained at a 
specified input terminal before the device 
recognizes the presence of the specified input 
pulse. An example of set-up time measure- 
ment for a CD4013, Fig. 25, shows a data 
input which must be present for time ty (value 
specified in data sheet) in order for the 
positive transition of the clock pulse to 
transmit the level at the data input to the Q 
output. If the data input is not present for a 
sufficient period of time prior to the positive 
transition of the clock, the previous state of 
the data input will be recognized and trans- 
mitted to the Q output. 

When testing a device for compliance with 
a specified set-up time, a go-no-go test, the 
set-up time specified in the data sheet is used 
as a test condition and the output is moni- 
tored for expected operation. When charac- 
teristic data is required, the set-up time is 
varied until the expected output occurs. 


Minimum Clock, Set, Reset, and Preset 
Pulse Widths 


Pulse widths, tw, are defined as the time 
from the point on the leading edge of the 
clock-pulse curve which is 5O-percent of the 
maximum amplitude to a point on the 
trailing edge which is SO-percent of the 
maximum amplitude, Fig. 26. The minimum 
pulse width for the clock, set, reset, and pre- 
set inputs is that time that the pulse must be 
present in order for the device to recognize 
the presence of the pulse. 

When testing a device for compliance with 
minimum pulse widths, a go-no-go test, the 
pulse width specified in the data sheet is used 
as a test condition and the output is moni- 
tored for expected operation. When charac- 
teristic data is required, the pulse width is 
varied until the expected output occurs. 

An example of minimum clock-pulse width 
measurement (twH) for a CD4013 ata Vpp 
-Vsg of 10 volts, Fig. 27, shows the mini- 
mum clock-pulse width specified in the data 
sheet being applied to the clock input of the 
device under test at a frequency (f) that is 
less than the maximum operating frequency 
specified. The clock pulse is applied in one 
case when the data input is low and is then 
applied again when the data input is high. 
(The high and low states of the data input 
must be present for a time exceeding the 
specified set-up time.) A device that complies 
with the minimum clock-pulse width para- 
meter specification will transmit the data 
input level to the Q output on the positive 
transition of the clock. Proper operation of 
the CD4013 can be checked by monitoring 
for an expected output at Q of f/2. 


Maximum Clock Rise and Fall Times 


The maximum clock rise and fall times 


(trCL. tfeL) are the rise and fall times of 


Data Input 


JIL 


Data Input 
Clock Input 


Q Output 
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+10 V 


Expected Output 


Test Conditions (Per Data-Sheet Specifications*) 


*Pulse-Generator Amplitudes 


Pulse-Generator Impedance—Matching Resistor (R) 
*Pulse-Generator Rise and Fall Times (t, = t¢) 
*Load Capacitance—C, (Including Stray and Probe) 


*Setup Time (t,) 


10 V 

50 ohms 

20 ns 

15 pF, 50 pF 
20 ns 
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Fig. 25 — Set-up-time test circuit for a CD4013A. 
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Fig. 26 — Waveform used to define pulse widths. 


the clock input signal (measured from 10 
percent to 90 percent), above which the 
device is guaranteed to perform its logical 
function. This rise and fall time is determined 
by gradually increasing the clock rise/fall 
time while monitoring the output until the 
device no longer functions properly. The 
clock input. rise and fall times are then 
lowered until the device resumes correct 
operation. The rise and fall times thus deter- 
mined are the maximum clock rise and fall 
time of the individual device. 

In testing a device for maximum clock 
rise and fall times to a specified limit. the 
maximum specified clock rise and fall times 
ure applied to the clock input while the out- 
put is monitored. The input frequency used 
to perform this test must be less than the 
reciprocal of 2t;: for example, when applying 
the specified clock rise and fall times for a 
CD4013 at a Vpp Vss ot 10 volts. the 


maximum clock input frequency that may be 
used is 100 kHz. 

Fig. 28 isan example of a test of maximum 
clock rise and fall times of a CD4013, dual 
flip-flop, at an operating voltage. V|Dp- Vss 
of 10 volts. 


Reset, Set and Preset Removal Time 


The reset, set, and preset removal time, 
tREM. When used in reference to flip-flops, 
counters, and shift registers, is that time for 
which the reset, set. or preset pulse must be in 
its clock enabling state before the device can 
resume synchronous operation. 

When a device is in the preset mode, the 
JAM input levels are transmitted to the Q 
output asynchronously. The reset state 
causes the Q outputs to go to a low level; the 
set state causes the Q outputs to go to a high 
level. It is generally an invalid condition to 
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bo Be +10 V 
have a device in more than one asynchronous 


State at the same time. 

In testing a device for compliance with 
data-sheet specifications, the removal time 
specified is applied at the appropriate input 
terminal of the device under test. When 
characterizing a device, the removal time is. 
adjusted relative to the clock input such that 
expected operation occurs, decreased to the 
point where expected operation no longer 
occurs, and then increased until expected 
operation reoccurs. The time recorded at the 
reoccurrence of expected operations is the 
correct removal time (tREM). 

An example of a test for minimum preset- 
enable removal time as specified in the data 
sheet of a CD4029A, presettable up/down 
counter, is shown in Fig. 29. The JAM inputs 
Jl, J2, J3, and J4 are hard-wired to ground 
(low). With the preset enable input high, the 
information on the JAM inputs is trans- 
mitted to the Q outputs (regardless of the 
state of the clock). The preset input is then 
set low. After a time equal to tREM, the 
clock-pulse positive transition advances the 
counter and causes the Q1 output to go high. 


ie £/2 

The transition of the Ql output from the low 

to the high state confirms that the preset Test Conditions (Per Data-Sheet Specifications*) 

enable pulse has been removed for a suffi- * Pulse-Generator Amplitudes 10 V 

cient time to allow the device under test to eo fesse au _ sae ne 

: ulse- nerator im ance-Matcnhing Mesistor onms 
resume synchronous clocked Operation. * Clock-Pulse-Generator Frequency << Max. Operating Frequency 
* Load Capacity (C,_) (Total Including Stray) 15 pF, 50 pF 
Reference 92CS— 28383 
9.27 = , = ewe 
1. Guide to Better Handling and Operation rea? oe hee si pi aa d 
of CMOS Devices, ICAN-6525, J. Flood Pe Gi 08 al 


and H. Pujol, RCA Solid State, 1976. 


trCL ECL 
90% 
Clock Input 
10% 
Q Output 7 ee ae 

Test Conditions (Per Data-Sheet Specifications*) Test Conditions (Per Data-Sheet Specifications) 

* Pulse-Generator Amplitude 10 V Pulse-Generator Amplitude Vop 

* Pulse-Generator Rise and Fall Times (trcL. tfcL) 5 us Pulse-Generator Rise and Fall Times (trop = ttcp) 20 ns 
Pulse-Generator Impedance-Matching Resistor 50 ohms Pulse-Generator Impedance-Matching 

* Pulse-Generator Frequency 100 kHz Resistor 50 ohms 

* Load Capacity (C,_) (Total Including Stray and Probe) 15 pF, 50 pF Load Capacity (C,_) (Total Including Stray and Probe) 15 pF, 50 pF 

92CS—2838IRI 92CS- 28382 
Fig.28 — Test circuit for measuring maximum clock- Fig. 29 — Test circuit for measuring preset-enable 
rise and fall time in a CD4013A/B. removal time in a CD4029A/B. 
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A Basic Selection Guide to Digital Counters 


by J. E. Gillberg 


The binary ripple counter has emerged 
as a major building block for today’s 
digital circuit designs primarily because it 
offers a large amount of information for a 
set number of bits. In addition, it is 
simple, requiring no decoding from the 
counting stages, and its dynamic power 
consumption is small. This Note discusses 
these advantages, compares the binary 
ripple counter with the Johnson decade 
counter and the BCD counter. and 
discusses the selection of the most suitable 
counter for specific applications. 


Design Features 
The functional diagram for a 


COS/MOS 7-stage binary counter type 
CD4024 is given in Fig. 1. The CD4024 


counter. These devices provide alter- 
natives to the digital system designer and 
have advantages and disadvantages, as 
does the binary ripple counter. 


The CD4017 consists of a 5-stage 
Johnson decade counter and an output 
decoder which converts the Johnson binary 
code to a decimal number. Functional and 
logic diagrams are given in Fig. 3 for this 
device. The decade counter includes 
“anti-lock” gating to assure — proper 
counting sequence. Because the Johnson 
counter does not use every available 
combination of outputs, it is possible for 
the counter to enter an “illegal” mode of 
Operation at power turn-on or as the result 
of incoming noise. The anti-lock gating 
forces the counter back into “legal” 
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Fig. 1 - Functional and logic diagrams for a COS/MOS 7-stage binary counter type CD4024. 


superseded the CD4004 which was the 
first counter available in the CMOS family 
of digital devices. This counter is a simple 
basic design, comprising a series of toggle 
flip-flops in which the clock input of one 
flip-flop is connected to the Q output of 
the previous flip-flop. No additional 
gating is necessary to perform the binary 
count. The buffer converter connected to 
the Q output of each flip-flop stage 
enhances the current drive without ad- 
versely affecting counter speed. Fig. 2 is a 
detailed diagram of a single master-slave 
flip-flop used as the sequential memory 
element in the CD4024, as well as in most 
static counters. 


Two other counters that have found 
acceptance as digital building blocks are 
the CD4017, a decade counter/divider 
using the Johnson decade counter con- 


figuration, and the CD4518, a BCD up- 
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operation. For many applications, the 
disadvantage of the unused logic states. 
necessitating the use of additional counter 
stages, Is compensated for by its high- 
speed operation, 2-input decimal decode 
gating, and spike-free decoded outputs. 


The CD4518 BCD synchronous counter 
requires extra gating to determine what 
state the counter should be clocked into at 
the next incoming pulse. Its functional 
and logic diagrams are given in Fig. 4. Its 
binary coded decimal output makes it a 
good choice for many applications where | 
there is machine-to-person interface. 


The absence of extra gating in the 
binary ripple counter, however, allows 
maximum information density and. 
therefore, provides a significant advantage 
over the other two types. 


Power Consumption 


The power consumption of any counter 
depends on the input and_ output 
capacitance of the counter, its operating 
voltage, and the operating frequency. This 
relationship is expressed by 


P = CV2f 


where P is the power consumption. in 
watts, C the load capacitance in farads, V 
the operating voltage in volts, and f the 
frequency of operation in hertz. This 
expression can be used as a design guide to 
the power consumption of a circuit when 
more specific data is not available. The 
actual power consumption of an IC, 
however, may vary + 25 percent from the 
value calculated. 


SLAVE SECTION 
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Fig. 2 - Detailed diagram of master-slave flip-flop, the sequential memory element of most static 


counters including the CD4024. 
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Fig. 3 - Functional and logic diagrams for 5-stage Johnson decade counter type CD4017. 
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Fig. 4 - Functional and logic diagrams for BCD counter type CD4518. 


If it is assumed that the input 
capacitance of the COS/MOS gate is small 
compared to the output load capacitance, 
it can be shown that the power con- 
sumption of the binary ripple counter is 
not too different from that of the other 
counters. With the CD4013 Quad D Flip- 
Flop, shown functionally in Fig. 5, used as 
the example and the dissipation 
characteristics curves for this device in 
Fig. 6, one can calculate the power 
dissipation of a divide-by-sixteen binary 
ripple counter and compare it to that of a 
Johnson counter. 


The timing diagram given in Fig. 7 
shows that each toggle flip-flop in a binary 


system is actually a divide-by-two system. 
The divide-by-sixteen counter would 
require (16 = 24) four flip-flops. At a 
clock frequency of 4 MHz, a Vpp of 10 
volts, and an output capacitance of 15 pF, 
this 4-stage network would operate at the 
following frequencies and, from Fig. 6, 
dissipate the indicated power: 


Stagel 2x 10°Hz 23x 102 uw 
Stage 2 1 x 10° Hz 1.7 x 10° UW 
Stage3 0.5 x 10° Hz 1.0 x 103 UW 
Stage4 0.25x 10° Hz 0.5 x 103 UW 


Total Power 5.5.x 10° UW = 5.5 mW 


92CS- 25046 


Fig. 5 - Functional diagram of dual D 
flip-flop type CD4013. 
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Fig. 6 - Dissipation characteristics curves 
for type CD4013. 


For a Johnson counter, which operates 
by feeding back the inverted output of the 
final stage, the number of stages utilizing 
the CD4013 flip-flop needed for a divide- 
by-sixteen counter is eight. The outputs 
are changing ata rate of 


4x 109 Hz + 8 = 0.5x 10° Hz 


Each flip-flop at this frequency and at an 
operating voltage of 10 volts and an output 
load of 15 pF would, from Fig. 6, dissipate 
approximately 1.0 x 103 uw W. The total 
dissipation for the eight flip-flops, 
therefore, would be 8 x 1.0 x 103 uW = 
8.0 mW. 


This comparison shows that the power 
dissipation of these two systems is fairly 
close in value and should not be the major 
deciding factor as to which system to use 
in a specific application. 
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i Lt LNs LS” 6 L 
Q f | | | | | to = fo/2 


Fig. 7 - Timing diagram for divide-by-two 
flip-flop. 


Information Density 


The most significant advantage of 
binary counters is the amount of in- 
formation which can be realized from a 
given number of bits. A comparison of a 
binary 12-bit system with BCD and 
Johnson counter 12-bit systems shows that 


the binary system has 4096 separate. 


states, the BCD system has 1000 separate 
stages, and the Johnson system has 24 
separate states. 


In a 12-bit system the binary counter is 
by far the most compact. In systems using 
a larger number of bits this advantage is 
even greater and is becoming increasingly 
important as manufacturers develop MSI 


and LSI devices. No longer is the con- 
straint on a design the pellet size, but 
rather the number of output pins the 
design uses. 


In a system where the goal is a specific 
output frequency and where the input 
frequency is variable, the binary ripple 
counter is and has been the choice of many 
designers. An excellent example is the 
design technique usually used in digital 
clocks and watches. An output of | Hz is 
obtained by counting down from a typical 
4.194-MHz oscillator or a 32.768-kHz 
oscillator using the appropriate number of 
binary stages. 


Device Selection 


Although the binary counter has ad- 
vantages, it does have the handicap of 
interfacing a non-binary world. It is 
difficult to decode accurately a non-binary 
count from a binary counter because a 
complex decoding scheme is needed and 
because the possibility of decoding spikes 
is increased. As shown in Fig. 8, a binary 
counter needs many external gates for 
decoding purposes. In addition, to change 


Q4 QI 


CD4024 
7-STAGE BINARY 
COUNTER 


DECODING COUNT 
Ql (8) 


DECODING COUNT 
(10) 


Possible spike 
caused during 
change from 
count 9 to 10 
by Q, falling 
Prior to 
rising 
92CS-29241 
Q, Q, Q, Q, 
8 1 19) 0 (0) 
9 1 10) 0 1 
10 1 0 1 it) 


Fig. 8 - Typical external gate required by binary 
counter for decoding; spike possibility caused by 


non-simultaneous bit change, and, counting 
sequence requiring simultaneous bit change. 


from count 9 to count 10, two bits must 
change simultaneously. Consequently, if 
one bit changes prior to the second, a false 
count of 8 or 1] could be decoded. 


To avoid this kind of ‘‘glitch” 
possibility the Johnson counter was 
designed. In the Johnson counter only one 
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bit is changing at a time, as shown in Fig. 


9. Decoding of the Johnson counter with 
one inverter and one two-input gate can 
always be accomplished by decoding a 1;0 
or 0;1 state between the two appropriate 
outputs. In addition, because only one bit 
is changing when the counter moves from 
one count to the next, no decoding glitches 
will develop from this decoding network. 


: cD40!8 
5- STAGE JOHNSON 
COUNTER 
; 00000 - 0 
10000 — 1 
11000 — 2 
11100 — 3 
11110 — 4 
DECODING COUNT 11111 - 5 
01111 -— 6 
a 00111 -— 7 
00011 — 8 
00001 9 
9el 29240 


Fig. 9 - External gate required by Johnson 
counter; counting sequence requiring only 
one bit change! at a time. 


One disadvantage of both the binary 
and the Johnson counters is the difficulty 
of interfacing a decimal world. This 


difficulty instigated the development of 
the binary-coded decimal system. In the 
BCD system, by grouping four bits into 
each single decimal number, the actual 
count becomes much easier for human 
interface. 


By way of summary, binary counters, 
because of their high information density, 
low power consumption, and _ relative 
simplicity, are well suited for applications 
such as industrial timers, watch or clock 
operation, binary arithmetic systems, and 
microprocessor systems. 


Johnson counters, because of their 
decoding ease for any given count, are well 
suited for industrial controls, sequencers, 
low divide-by-n decoding, and 
programmable divide-by-n counters. 


BCD counters, because of their ease of 
interface for human control, are well 
suited for programmable  divide-by-n 
counters, counting systems for seven- 
segment readouts, industrial controls, and 
frequency synthesis. 
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Understanding Buffered and 
Unbuffered CMOS Characteristics 


by R. E. Funk 


INTRODUCTION 


Both buffered and unbuffered CMOS 
B-series gates, inverters, and high-current IC 
products are available from RCA; each pro- 
duct classification has application advantages 
in appropriate logic-system designs. Recently, 
many CMOS suppliers have been concen- 
trating on promoting buffered B-series pro- 
ducts with applications literature focusing 
on the attributes and use of the buffered 
types. This practice has left an imbalance in 
the understanding and application of both 
buffered and unbuffered gates and, in many 
instances, customers are not using unbuffered 
products when they are the best for the in- 
tended application. This Note narrows the 
misunderstandings involved in this issue by 
presenting and discussing the relative merits 


of the buffered and unbuffered CMOS devices. 


Background 


Historically, most CMOS gates, inverters, 
and high-current IC products were unbuffered, 
and exhibited good logic-system perform- 
ance, speed, noise immunity, and quasi-linear 
characteristics in a wide variety of applica- 
tions. As the scope of CMOS products 
broadened and more manufacturers entered 
the scene, buffered gate and inverter products 
were brought out by RCA and others. 
While RCA confined initial buffered pro- 
ducts to new OR and AND functions, 
other manufacturers intraduced buffered 
NOR and NAND gates having the same 
generic 4000A-series designations as the 
original widely-used unbuffered gates. Many 
users were surprised by the non-interchange- 
ability of the devices in applications where 
speed, noise immunity, output impedance, 
and linear gain-bandwidth characteristics were 
critical. It is of immense benefit to CMOS 
users to have available the definitions and 
designations of both buffered and unbuffered 
B-series CMOS devices as determined by the 
JEDEC CMOS Standardizing Committee 
under the cognizance of the JC40.2 JEDEC 
Committee of EIA. The official JEDEC 
definitions are repeated below along with 
detailed explanations and examples. Com- 
parison of user-oriented characteristics and 
the use of buffered and unbuffered gates are 
also reviewed. 


Definitions 


Buffered CMOS—A CMOS device for which 
the output on impedance is independent 
of any and all valid input logic conditions, 
both preceding and present, is said to have a 
buffered output or to be a buffered CMOS 
device. All such products are designated by 
the suffix B. 


Unbuffered CMOS—Products that meet B- 
series specifications except that the logical 
outputs are not buffered and the Vj, and 
VIH specifications are 20 percent and 80 per- 
cent of Vpp, respectively, are marked with 
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the UB designation, such as (including, but 
not limited to): 


4000UB 402S5UB 
4001UB 4007UB 
4002UB 4009UB 
4011UB 4041UB 
4012UB 4049UB 
4023UB 4069UB 


The official JEDEC definitions are pri- 
marily applicable to gates, inverters, and 
high-current (inverting) drivers such as the 
specific UB types shown above. Non-inverting 
gates and drivers as well as all MSI and LSI 
B-types are by definition B types. There are 
special analog I/O types that are also in- 
cluded as B types since they conform to all 
B standards except that they have special 
analog I/O circuitry. Examples of parts that 
have no buffered or unbuffered significance 


are: 
4016B 4053B 
4046B 4067B 
4051B 4097B 
4052B 4066B 
4S511B 
4528B 


RCA will make available both types of 
CMOS gates. Logic examples of the buffered 


Yoo 


and unbuffered 2-input NOR gate are shown 
in Fig. 1. Note that the buffered logic can be 
implemented by either a 2-input NOR func- 
tion followed by two inverters or by two 
input inverters followed by the 2-input 
NAND gate and an output buffer. RCA uses 
the latter logic configuration, which has the 
advantage of optimizing device noise im- 
munity by negating the effect of stacked 
devices at the input. This characteristic is 


A 
OUTPUT 
8 
A 


A 
OUTPUT 
8 


(a) BUFFERED —CD4001B 
92CS-28330 


Fig. 1 — Examples of the buffered (CD4001 B) and 
unbuffered (CD4001UB) 2-input NOR gate. 


especially significant for 3- or 4-input gates 
where three or four PMOS or NMOS tran- 
sistors are stacked in series at the input. In 
this case, the inputs have an effective offset 
in threshold and reduced input noise im- 
munity. 

Fig. 2 is a schematic representation of the 
RCA buffered and unbuffered 2-input NOR 
gates. The improved 4-diode-input gate-oxide 
protection circuit is shown at the inputs. 


J Yoo 
- 
OUTPUT 


be 
Je 


(a) BUFFERED 


yin 
- 
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(b) UNBUFFERED 


Fig. 2 — Schematic diagrams of the buffered and the 
unbuffered 2-input NOR gate. 


(b) UNBUFFERED —CD4001IUB 


Examples 


Examination of the dc performance charac- 
teristics of both the buffered and unbuffered 
2-input NOR gate reveals the two electrical 
characteristics, output impedance and noise 
immunity, by which the types are differen- 
tiated by the JEDEC standard specifications: 


Output Impedance 


—Buffered—Fig. 3 depicts the buffered 
Output stage and shows the MOS tran- 
sistor as switched on with a channel 
resistance R; R is the same value for the 
n-switch closed or the p-switch closed. 


+V 


p 
===. | SWITCH 


Zo zR 


n 
SWITCH 


R 
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Fig. 3 — Constant output impedance of a 
buffered gate. 


—Unbuffered—Fig. 4 depicts the unbuf- 
fered 2-input-gate p- and n-channel MOS 
switches and appropriate on-channel 
resistances. Note that the two stacked 
p-channel switches are designed for an 
on resistance of R/2. so that the output 


impedance is R when both the logic 
inputs are low, Fig. 4(b). In Fig. 4(a) 
the output impedance is R to the 
negative supply terminal (usually ground) 
for an input logic state of 1, input high. 
Fig. 4(c) shows the condition when the 
unbuffered gate has an output impedance 
of R/2 for both logic inputs high. Hence 
the variable output impedance of the 
unbuffered gate. For a 4-input gate, this 
variable is R to R/4! The maximum 
output resistance of RCA buffered or 
unbuffered gates is R. Thus, minimum 
IOL and IOH specifications for buffered 
and unbuffered gates are identical. 


Noise Immunity 


The second JEDEC-defined difference be- 
tween the buffered and unbuffered CMOS 
gates (or inverters) is the difference in input 
noise-immunity characteristics. 


—Buffered—The buffered 2-input NOR 
gate voltage-transfer characteristics, Fig. 
5S, are squared because of the gain of 
three CMOS stages from input to output. 
Fig. 5 shows that noise voltage inputs of 
+1.5 V at Vpp = 5 V and +4 V at 
VppD = 15 V will have little discernible 


+V 
A---|P 
INPUTS INPUTS 
LOW R/2 LOW 
—raA — era 
HIGH LOW 
— Bs —+eB 


(a) | INPUT LOW, | INPUT HIGH 


(b) BOTH INPUTS LOW 
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A---\ Pp 
INPUTS 
HIGH, R/2 
HIGH 
—~9B 


=V 
(c) BOTH INPUTS HIGH 
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Fig. 4 — Variable output impedance of an unbuffered 


2-input NOR gate. 


The resistors represent the 


on impedance of a p- or n-channel MOS tran- 


sistor. 


Vout — VOLTS 


Ta = 25°C 


10 
Vin —VOLTS 


92CS— 28334 


Fig. 5 — Voltage transfer characteristics of a buffered 


2-input NOR gate 


effect on the output voltage; i.e., noise 
immunity for all logic states is optimally 
high as is noise margin: 1 volt at Vpp = 
5 V and 2.5 Vat Vpp = 15 V. 


—Unbuffered—Fig. 6 shows the rounded 
voltage-transfer characteristics of the 
2-input unbuffered NOR gate. Also 
evident is the shift in the transfer curve 
for the different logic input states. Com- 
pare these curves to those of Fig. 5 and 
the effects of the non-buffered inputs 
as well as the gain differences are evident. 
The rounded characteristics require a 
noise-immunity specification of +20% 
of Vpp at 5, 10 and 15 V as well as a 
reduced noise margin: 0.5 V at Vpp = 
5 V and 1.0 V at Vpp = 15 V. 


The above definitions use gate charac- 
teristics as illustrative of the JEDEC defini- 
tions for buffered and unbuffered charac- 
teristics relative to variable output impedance 
and noise-immunity performance. Inverters 
and high-current drivers may also be defined 


(CD40018B). 


as buffered (B) types or unbuffered (UB) 
types by virtue of the squared or rounded 
transfer characteristics of Figs. 3 and 4, 
respectively. Even though both types have a 
single NMOS and single PMOS output tran- 
sistor, the rounded transfer characteristic of 
the unbuffered inverters makes them UB 
types by virtue of: 
1. Reduced noise-immunity performance 
where the 20% rating is applicable. 
2. Varying output impedance as a func- 
tion of input voltage change along the 
rounded portion of the transfer curve. 


COMPARISONS 


Table I shows the qualitative comparisons 
of user-oriented performance characteristics 
of buffered and unbuffered CMOS gates, 


inverters, or drivers. Table II is a quantitative 
comparison of the key performance charac- 
teristics with explanations as follows: 


Propagation Delay—Delays shown are appli- 
cable to RCA 2-, 3-, and 4-input NOR and 
NAND gates. 
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Vout — VOLTS 


Vin— VOLTS 


(a) 


Table I—Comparison of Buffered and 
Unbuffered Gate Characteristics 


Characteristic Buffered Unbuffered 
Propagation Delay Slow Fast 
Noise 

Immunity/Margin Excellent Good 
Output Impedance 

and Output Transi- 

tion Time Constant Variable 
AC Gain High Low 
Output Oscilla- 

tion for Slow 

Inputs Yes No 
Input Capacitance Low High 


Noise Immunity—Table III shows the de- 
tailed input-voltage data-sheet specifications 
for buffered and unbuffered gates, From 
these test conditions the user-oriented noise- 
immunity and noise-margin data of Table II 
are derived. Also refer to Figs. S and 6 for 
the voltage-transfer characteristics that illus- 
trate the reason for the different input-volt- 
age-specification requirements for buffered 
and unbuffered devices. 


Output Impedance—Refer to Figs. 3 and 4 
and accompanying descriptions of the con- 
stant output impedance of buffered gates 
and the variable output impedance of un- 
buffered gates. Note that both buffered and 
unbuffered RCA 2-, 3- and 4-input gates are 
designed to meet the same maximum output 
impedance; output current ratings (IO, and 
IOH) have the same minimum limit on RCA 
data sheets. 


Output Transition Time—The time required 
fora CMOS output to transfer high or transfer 
low is constant for buffered gates but varies 
according to input logic states for unbuffered 
gates. Output transition time varies as a 
function of the driving source resistance of 
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Vin— VOLTS 


(b) 
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Fig. 6 — Voltage transfer characteristics of an unbuffered 
2-input NOR gate (CD4001 UB) with output voltages 
of 5 and 15 volts. 


Table II—Characteristics of Buffered and Unbuffered Gates 


Buffered Gates Unbuffered Gates 
Typical Propagation Delay 
Vpp = 5 V, Cy = 50 pF 150 ns 60 ns 
Vpp = 10 V 65 ns 30 ns 
Vpp = 15 V 50 ns 25 ns 
Noise Immunity 30% of Vpp 20% of Vpp 
at 5 and 10 V at5,10,and 15 V 
27% at 15 V 
Noise Margin Vpp= 2 V 1V 0.5 V 
10 V 2V 10V 
ISV Zo 1.0V 
Typical Output Impedance 
Vpp =SV, Vo =+0.4V 
2-Input Gate 400 ohms 200-400 ohms 
3-Input Gate 400 ohms 133-400 ohms 
4-Input Gate 400 ohms 100-400 ohms 
Typical Output Transition Time 
Vpp => ¥.Cy =50 pF 
(2-, 3-, 4-Input Gates) 100 ns 50-100 ns 
AC Gain Vpp=!0 V ~68 dB ~23 dB 
AC Bandwidth = Vpp=10 V 280 kHz 885 kHz 
Output Oscillation For 
Slow Inputs Susceptible Not Susceptible 


For t,,tp > 1 ms 


Typical Input Capacitance 
Average 
Peak 


the output, which is state dependent as 
indicated in Fig. 4, as well as the device 
Output capacitance, which is dependent on 
both device size and input logic state. Be- 


cause of variable output capacitance, output- 


transition-time variations are not a linear 


For t,,t¢ to 100 ms 


1-2 pF 
2-4 pF 


2-3 pF 
5-10 pF 


function of output resistance. As Table II 
shows, RCA 2-, 3- and 4-input unbuffered 
gates exhibit anet 2-to-1 difference in output 
transition time even though the output 
resistance has a net 4-to-1 variation for the 
4-input gate. 


Table I1l1—Input-Voltage Specifications 


Limit 


Characteristic Vg Vpp Min. Max 
Input Voltage 
Low(Vyp) 4.5 5 = » 
9 10 3 
B 13.5 15 + 4 
UB 45 5 : | 
9 10 ~ 2 
(38 15 -~ 25 
Input Voltage 
High (Vjy) 0.5 5 3.5  - 
| 10 J : 
B 15 15 I] 
UB 0.5 5 a 
| 10 8 = 
15 15 | We - 


Notes: 
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1. Noise-immunity voltage is the Vy; or Vyyzy Specification Limit. 


2. Noise-margin voltage is computed as follows: 


AC Gain and Bandwidth—CMOS linear-mode 
gain was measured for both the buffered and 
unbuffered RCA 2-input NOR gate by means 
of the test circuit of Fig. 7. Fig. 8 shows 
typical linear-mode gain difference between 
buffered and unbuffered RCA 2-input NOR 
gates. While absolute performance depends on 
device type (inverters; 2-, 3-, 4-input gates) 
and test configurations, Fig. 8 defines the 


SINE- 


WAVE 
GENERATOR 
50-OHM 
SOURCE 


92CS-28338 


Fig. 7 — Linear-gain test circuit. 


GAIN — dB 


230 280 295 
FREQUENCY —kHz 
(a) TYPICAL CD400IB LINEAR GAIN 


GAIN—dB 


rale) 885 2800 
FREQUENCY — kHz 


(b) TYPICAL CD4O00IUB LINEAR GAIN 
92CS- 28339 


Fig. 8 — Typical linear-mode gain of buffered and 
unbuffered 2-input NOR gate. 


Noise-Margin Voltage = Vyy — (Vpp~Vo) 
= ™pp-Vin) — Yo: 


approximately 3-to-1 difference in linear- 
mode performance between buffered and 
unbuffered gates. 


Output Oscillation for Slow Inputs--The high 
linear-mode gain of buffered CMOS devices 
can lead to undesirable oscillation at outputs 
when input ramps are in excess of approxi- 
mately 1 millisecond duration. Fig. 9 illus- 


2-3 mV OF NOISE 


ON RAMP 
INPUT 
sili | TRANSITION 
(ALSO APPLICABLE TO ty >I ms) | BEGINS 


| 
| 


OUTPUT a aa 


32CS- 28340 


Fig. 9 — Buffered output oscillation for a slow input. 


trates this effect when approximately | to 2 
millivolts of ac noise within the device band- 
width on the input signal are amplified 
through the device and tend to develop a few 
cycles of oscillation between the positive and 
negative rails under 5-volt operation. In 
contrast, unbuffered gates do not tend to 
oscillate unless a noise voltage of 200 to 300 
millivolts were present within the bandwidth 
of the device. An input ramp of up to 100 
milliseconds duration did not create oscilla- 
tion in laboratory tests of RCA unbuffered 
gates. 


Input Capacitance—Figs. 10 and 11 show the 
dynamic input capacitance of the RCA 
buffered and unbuffered 2-input NOR gates, 
respectively. The large MOS transistor geo- 
metry of the unbuffered NOR gate is 
responsible for the higher peak input capaci- 
tance (Miller effect) in the linear switching 
range. The longer dwell in this linear region 
also tends to broaden the Miller capacitance, 


and therefore increases the effective average 
input capacitance. Buffered gates and inverters 
are rated at a maximum input capacitance of 
1 unit load (7.5 picofarads--JEDEC standard); 
unbuffered gates and inverters are rated at 2 
unit loads (15 picofarads maximum). High- 
current unbuffered drivers, such as the CD- 
4049UB, are rated at 3 unit loads (22.5 
picofarads maximum). 


Applications Guidance 


Table [IV summarizes preferred application 
areas for both buffered and unbuffered RCA 
B-series IC products. This information is based 
on the buffered and unbuffered CMOS device 
characteristics listed in Table I] combined 
with the author’s experience and familiarity 
with the application areas indicated. The 
information given is general guidance to allow 
the designer to key in on the specific 
performance characteristics of either device 
type. The data provided in this Note are 
derived from RCA standardized B and UB 
products whose circuit designs were imple- 
mented to match performance between UB 
and B gate types as closely as possible. For 
example, device sizes were selected to assure 
matched output drive. In addition, the pro- 
cess and layout rules followed in B and UB 
designs of RCA product are identical, as is 
the use of improved gate-oxide protection 
circuitry for B and UB product. 


RCA Gate, Inverter, and Driver Products 


Table V is a current list of SSI (small 
scale integrated) Band UB products presently 
in production by RCA. Refer to RCA pro- 
duct guides and the Databooks for detailed 
product information. ! 
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Table [V— Applications of Buffered and Unbuffered CMOS Gates and Inverters 
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Cin—PICOFARADS 
Cin — PICOFARADS 


Vin— VOLTS 


92CS- 2834) 


Fig. 10 — Input capacitance of a buffered 2-input 
NOR gate (CD4001 8). 


Application Buffered 


High-Speed Systems Preferred 


High-Noise Environments, 


Low-Speed Systems Preferred 


Ultra-Low-Frequency Systems 
Inputs <1] kHz sine wave or 
ramps with t,,tp >I ms* 


excluding Schmitt Triggers Preferred 


Gate Applications Requiring 
Constant Output Impedance 
Such as D/A R-2R Conversion 


High-Freq., Moderate Gain, 
Linear Amplification - 


Preferred 


Preferred 


Low-Freq., High Gain, 
Linear Amplification Preferred 
* Applies to gates of inverter designs of Astable or Monostable multivibrators 


with T > 1 millisecond. 


Unbuffered 


10 


Vin— VOLTS 


9205-28342 
Fig. 11 — Input capacitance of an unbuffered 2-input 
NOR gate (CD4001 UB). 


Table V-RCA COS/MOS Buffered and 


20 


Unbuffered Gate, Inverter, and 


Driver Types 


Buffered 


CD4000B 
CD4001B 
CD4002B 
CD4010B 
CD4011B 
CD4012B 
CD4023B 
CD4025B 
CD4050B 
CD4068B 
CD4071B 
CD4072B 
CD4073B 
CD4075B 
CD4078B 
CD4081B 
CD4082B 


Unbuffered 


CD4000UB 
CD4001UB 
CD4002UB 
CD4007UB 
CD4009UB 
CD4011UB 
CD4012UB 
CD4023UB 
CD402S5UB 
CD4041UB 
CD4049UB 
CD4069UB 


Radiation Resistance of the COS/MOS 
CD4000A and CD4000B Series 


by M. N. Vincoff 


Complementary MOS (COS/MOS) inte- 
grated circuits possess many advantages which 
recommend their use in radiation-susceptible 
space and military environments. Several of 
the most significant of these advantages 
are: ultra-low standby-power consumption, 
high noise immunity,! extremely high pack- 


aging density, and inherently high reliability2”> 


These advantages, along with the improved 
radiation resistance of the 1975 and 1976 
RCA CD4000A and CD4000B series over the 
previous CD4000 and CD4000A series de- 
scribed in earlier radiation studies,4 exhibit 
the maturity reached by the MOS technology 
since 1969. 


A number of studies of the radiation 
resistance of complementary MOS devices 
by JPL, NASA, NRL and various companies 
in the space industry have revealed two areas 
of prime concern.*» © The first, permanent 
radiation exposure, as experienced in a space- 
satellite environment, causes a shift in thres- 
hold or switching voltage, which could result 
in increased leakage current, I; . The second, 
transient radiation exposure, as experienced 
in an atomic environment, causes the output- 
voltage levels to respond to a pulse of 
ionizing radiation; this effect could change 
the state of the logic circuitry and require 
resetting of that circuitry for proper equip- 
ment or system operation. 


Permanent-Radiation Resistance 

The CD4000 series was resistant to perma- 
nent radiation levels of 2 x 104 rads (ap- 
proximately 1012 e/cm?) in 1971 and 1972. 
In 1973, the RCA CD4000A-series devices 
without special processing were found to be 
resistant to radiation levels up to 2 x 10° 
rads (approximately 1013 e/cm2), as shown 
in Fig. 1.4 In this figure the change in 
switching voltage Vo was plotted as a func- 
tion of dose; the value of Vg was calculated 
from the average value of Vpj and V 7p for 
the devices mentioned. In 1974 a minor 
change was made to the process and the 
radiation resistance was reduced to the 
1971 — 1972 level. In late 1974 and early 
1975 a JPL/NASA contract study resulted 
in a second change to the process (gate- 
oxide area); the change achieved a repeated 
radiation-resistance level of 1 x 10° rads 
(Si). This level of radiation resistance is 
presently provided on Class A parts having a 
“Z” designation after the part number. 
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Fig. 1 — Permanent radiation resistance of CD4000-, 


CD40C0A- and CD4000B-series devices. 


Product with this designation is tested on a 
lot-sampling basis using a Gamacell-200 
Co-60 radiation source. Latest radiation- 
process improvements and resultant pro- 
duction studies indicate that some 1976 
product exhibits radiation-resistance levels 
up to and beyond 1 x 10® rads (Si). RCA 
expects to have production CD4000A and B 
series product available to 1 x 10® rads (Si) 
in 1977. 

The new radiation level of the CD4000A 
and B series represents a significant im- 
provement over the previous CD4000A 
series. In addition, with minimal shielding 
(for example, 1/16-inch of aluminum) the 
CD4000A or B series can be used in appli- 
cations with levels of radiation up to 2 x 10® 
rads (approximately 10!4 e/cm2). 


Transient-Radiation Resistance 

The resistance of the latest CD4000A and 
B series (1975 and 1976) to transient 
radiation is expected to be better than that 
of the past CD4000A series, which should 
withstand pulses of radiation in the range of 
approximately 109 to 10! rads/s.7 


Design Considerations 

The resistance of the CD4000A- and 
B-series devices to either perfanent- or 
transient-radiation exposure can be increased 
by providing either minimal shielding in the 
equipment enclosure containing the devices 
or by locating the devices deep within the 
equipment. In any case, the action taken 
will depend on the constraints dictated by 
the radiation environment imposed by the 
system or program. Each application must be 
tested and the results analyzed with the 
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data in this Note as criteria. Test items to 
be considered are radiation environment, 
which will vary greatly depending on dosage 
rate; time of exposure; amount of normal 
Shielding; distance of the device from the 
radiation source; shielding afforded by the 
atmosphere; power-supply voltage selection; 
and switching cycles used during exposure. 
For example, consider the effects of perma- 
nent radiation on two spacecraft in 90-degree 
orbits at 600 and 1500 nautical miles from 
the earth, respectively. The dose-depth is 
determined as shown in the curves of Fig. 2. 
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Fig. 2 — Dose-depth curves for trapped electrons 
and protons in spacecraft in orbit. 


In these curves the dose in rads (A1)/day is 
plotted as a function of the thickness of 
spacecraft aluminum required to shield the 
devices from trapped electrons and protons.5 


Conclusion 

The RCA COS/MOS CD4000A and B 
series exhibit improved radiation resistance 
over the previous CD4000A series, and 
operate well in many applications in which 
permanent and transient radiation effects 
are factors. When stringent radiation re- 
quirements are imposed, additional shielding 
can be employed to increase the radiation 
life of COS/MOS CD4000A- or B-series 
devices to any desired level, i.e., to make 
their radiation resistance equivalent to that 
of bipolar devices.§.8 
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Applications of CD40107BE 
COS/MOS Dual NAND Buffer 


by D. J. Blandford and G. L. Gimber 


This Note describes the characteristics 
of the COS/MOS dual NAND buffer, the 
CD40107BE, and the wide variety of practi- 
cal applications in which this important 
addition to the CD4000-series of COS/MOS 
devices can be used. 


CHARACTERISTICS 


Fig. 1 shows the logic diagram of the 
CD40107BE, which consists of two 2-input 
NAND buffers in an eight-pin plastic pack- 


92CS-28347 
Fig. 1 — Logic diagram of the CD40107BE 
NAND buffer. 


age; pin assignments are shown in Fig. 2. 
The bar on the output line of the logic 
diagram in Fig. | indicates that the output 
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Fig. 2 — Pin assignments of the CD40107BE. 


is open-drain, as shown in Fig. 3, the circuit 
diagram and truth table for a single buffer. 
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Fig. 3 — (a) Circuit diagram of the CD40107BE, 
(b) truth table for 1 of 2 gates. 


Each input includes the standard COS/MOS 
protection network, a 1.5 kilohm input 
resistor and diodes to Vpp and Vgs. The 
output device is a large n-channel transistor. 
Typical transistor sink-current characteristics 
are shown in Fig. 4 in which drain current, 
Ipn. is plotted against drain-to-source voltage, 
Vps: for Vas = 5 V, 10 V and 15 V (i... 
Vpp = 5 V. 10 V, and 15 V). Note, for ex- 
ample, that for a Vps of I volt and a 10-volt 
supply, the NAND buffer is capable of sink- 
ing typically 120 milliamperes. Applications 
of this large current-sinking capability are 
described below. 

A pull-up resistor from the output (pins 
3 or 5) to Vpp enables the device to per- 
form the logical NAND function, as shown 
in the truth table, Fig. 3(b). Useable values 


400 


“A 
i) 
- 
z 
WwW 
« 
« 
2 
vo 
x 
z 
2) 
= 
° 
4 16 
ro 
>) 
a 
ra 
> 
°o 


Ge. “88880 Seeee eeeeeeeenea8 
Ny 


HH 
PLE ELITE 
10 


Ones 


92CS -28924 


Fig. 4 — Minimum output low (sink) current 
characteristics of the CD40107BE. 


of pull-up resistance lie between approxi- 
mately 100 ohms and | megohm. Care should 
be taken when choosing a pull-up resistor 
or any other load not to exceed the maxi- 
mum power dissipation of the device. De- 
signers should refer to the device data sheet 
for allowable dissipation limits over the 
desired temperature range. 

The three stages of gain from input to 
output of the CD40107BE, Fig. 3(a) result 
in a very sharp transfer characteristic, Fig. 5, 
near the ideal for a digital logic device. 
More complete characteristics are given in 
the CD40107B data sheet.! 
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Fig. 5 — Transfer characteristics of the 
CD40107BE showing source- 
bias effect. 


PRACTICAL APPLICATIONS 


Practical applications of the CD40107B 
overlap with those of other devices in the 
COS/MOS CD4000 series, for example, with 
the logical NAND function of the CD4011 
and with the buffer function of the CD4041, 
CD4049, and CD4050. However, the appli- 
cations described in this Note are those for 
which, until now, no COS/MOS NAND 
buffer has had sufficient drive capability, in 
the hundred milliampere range. 

In the first of these applications, Fig. 6, 
two NAND buffers are each driving a 2.2- 
watt, 12-volt incandescent lamp. The cir- 
cuit is arranged as an astable oscillator with 
its period of approximately two seconds 
determined by the external capacitor and 
resistors. In this and other similar appli- 
cations the load is used as a pull-up from 
the open-drain output to a power-supply 
voltage greater than zero and equal to or 
less than Vpp. 


f#0.5 Hz 


10M 0.1 
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Fig. 6 — A 2.2-watt incandescent lamp-driver 
circuit. 
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The same type of astable circuit is shown 
in Fig. 7, but with a single load device, an 
LED with a current limiting resistor of 150 
ohms. The NAND buffer, as well as driving 
the load, forms part of the astable circuit, 
with one of its inputs used as an enable; 
when this input is low, the LED is perma- 
nently off. The other half of the astable 
oscillator utilizes a two-input NOR gate, 
the CD4001AE, one input of which is used 
as an inhibit. With the timing components 
shown, the astable frequency is approxi- 
mately 4 Hz. 
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Fig. 7 — LED driver circuit. 


The NAND buffer is typically capable of 
sinking 120 milliamperes at a Vpg of | volt 
with a 10-volt supply. It therefore meets the 
typical requirements for the current-sinking 
device at the cathode terminal of a common- 
cathode LED multiplexed display circuit, 
Fig. 8. In this display circuit, data is 
presented in the form of four BCD numbers 
to be displayed on the four seven-segment 
LED’s; the clock input determines the multi- 
plexing rate. The two D-type flip flops of the 
CD4013AE or BE are arranged as a two-stage 
Johnson counter, the two Q outputs of 
which select the data transferred by the 
CD4052BE multiplexers to the CD4511BE 
decoder-driver. The same Q outputs are 
decoded by the four NAND buffers and 
used to turn on the seven-segment displays 
in the correct sequence. For example, when 
Qi = 1 and Q2 = 0, both inputs of the 
NAND buffer marked B in Fig. 8 are high, 
and the buffer sinks current through the 
diodes of the second seven-segment display 
digit. 


1B 10 28 20 
1A IC 2A 2 


4A 4C BA 8C 
48 40 88 8D 
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Fig. 8 — Multiplexed LED circuit. 


By using the two NAND buffers of a single 
eight-pin DIP in parallel, it is possible to 
interface directly from a COS/MOS system 
to a heavy-duty load typified by the com- 
puter peripheral-printer hammer solenoid of 
Fig. 9. This type of solenoid typically re- 
quires 250 milliamperes to turn on which, 
at a supply voltage, Vpp, of 12 volts, 
implies a Vpg of approximately 0.6 volt. 
To prevent excessive current flow through 
the electrostatic-protection diodes to Vpp 
at the outputs of the NAND _ buffers, 
in applications such as the one under dis- 
cussion, the switching of inductive loads, the 
protection diodes should be shunted with a 
low-dynamic-impedance switching diode, such 
as a 1N4154. 

In many systems where COS/MOS devices 
are used for their wide operating-voltage 
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Fig. 9 — Solenoid driver circuit. 


range and high noise immunity, and particu- 
larly in industrial control applications, it is 
important to be able to drive relays directly. 
Fig. 10 shows a NAND buffer driving a 
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CHANGE -OVER 
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CONTROL 
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Fig. 10 — Relay driver circuit. 


common type of 12-volt relay, a two-pole 
change-over type with a coil resistance of 
185 ohms. Again, a 1N4154 shunt diode 
is advisable. 

Fig. 11 shows a reversible 12-volt tape- 
recorder motor driven by two NAND buffers 
in a bridge circuit. Two p-n-p transistors 
provide an active pull-up to Vpp. 

SCR’s and triacs typically require tens of 
milliamperes of gate current, more than the 
current capability of a standard COS/MOS 
device output. The NAND buffer, however, 
is able to sink sufficient current, and in 
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Fig. 11 — Motor-controller circuit. 
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Fig. 12 is seen driving a 2NS756 triac. 
If isolation is required between the COS/MOS 


TRIAC 
2N5756 
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Fig. 12 — Direct dc drive interface of CD40107BE 
with a triac. 


and triac systems, the circuit of Fig. 13 is 
used. In the figure, the NAND-buffer load 
is the primary coil of a pulse transformer 


T27000 


| 1/2 CD40107BE 
Vss 


VgsO 
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F100 H 
Tl=PULSE TRANSFORMER 


Fig. 13 — Interface of CD40107BE with triac, 
with COS/MOS component and triac 
isolated. 


T,, and when 5- to 10-microsecond pulses are 
applied ata 100-Hz repetition rate to the 
COS/MOS input, sufficient current flows in 
the transformer secondary to keep the triac, 
a T2700D, turned on. The NAND-buffer 
circuits make it possible for a COS/MOS 
system to control several amperes of current 
at line voltage. 

Line driving is another application re- 
quiring large current pulses; Fig. 14 shows 
two NAND buffers driving a twisted-pair 
transmission line. Clock rates up to 8 MHz 
are readily achieved by circuits driving five 
meters of a 130-ohm line twisted at two 
turns per inch. 

One of the most important applications 
for the open-drain NAND buffer is the 
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COS/MOS to TTL interface shown in Fig. 15. 
The Vpp pin of the CD40107BE is con- 
nected to the power supply of the COS/MOS 
system, the external pull-up resistor to the 
S-volt TTL supply. The values of the pull-up 
resistor required and the number of loads 
that may be driven are shown in the table 
accompanying Fig. 15. 


Vcc *+5.0 V 
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Fig. 15 — COS/MOS to TTL interface. 
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COS/MOS Electrostatic-Discharge 


Protection Networks 
by H. L. Pujol 


RCA’s two families of CMOS 
devices, the standard A series (3 to 15 
volts) and the high-voltage B series (3 to 
20 volts), are equipped with networks to 
protect the gate oxide of the devices 
against damage resulting from discharge 
of electrostatic energy between any two 

ins. 

. The gate input of a CMOS device is 
equivalent to a_ small, low-leakage 
capacitor (typically 5  picofarads) in 
parallel with a very high resistance 
(typically 1012 ohms). Because of this 
extremely high impedance which lends 
itself to the buildup of electrostatic charge, 
even a very low energy source (such as a 
static charge) is capable of developing 
voltages in the order of 80 volts, the 
typical breakdown voltage of an MOS gate 
oxide. In contrast with other semicon- 
ductor devices in which the breakdown 
can be tested any number of times without 
damage, the MOS gate oxide can be 
shorted, and the device destroyed, as the 
result of only one voltage excursion to the 
breakdown limit. 
Protection Networks 

Figs. 1 through 4 show the various 
protection networks incorporated in all 
COS/MOS product. 
Standard Protection Networks 

Fig. | shows the standard protection 
network incorporated in all A-series and 
some B-series devices. Input-diode D2 is a 
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Fig.1 — Standard protection network. 


distributed resistor-diode network that 
appears as two diodes to Vpyp. 


Improved Protection Network 

Fig. 2 shows the improved protection 
network incorporated on all new B-series 
devices as well as on all A-series B- 
converted types. 
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Fig.2 — Improved protection network. 
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Fig.3 — Modified protection network. 
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Fig.4 — Transmission gate with intrinsic diodes 
that protect against electrostatic discharge. 


Other Protective Networks 


Fig. 3 shows the modified protective 
network for a CD4049/4050 buffer. The 
input diode to Vpyp is not incorporated so 
that the level-shifting function can occur. 


Equivalent-Body Discharge Network 


The protection networks described in 
this Note are evaluated and characterized 
by using the equivalent-body discharge 
network of Fig. 5. As C is increased, the 
amount of static energy dumped into the 
CMOS device increases. As RK _ is 
decreased, the energy dissipated outside 
the device is reduced, thereby increasing 
the energy dissipated in the unit. A 


mercury relay is used to switch the RC 
source because such relays are fast and 
free from arcing or bouncing effects. 
Characterization of the various protection 
networks is done in 12 different com- 
binations of inputs, outputs, and 
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Fig.5 — Equivalent-body discharge network. 


polarities. The combinations include all 
combinations of any two of the following 
pins; input, Vpp, Vss, and output. 
Evaluation of a protective network 
begins with the charging of a_ 100- 
picofarad capacitor through a 22-megohm 
resistor and a mercury relay to the desired 
voltage. The capacitor Cy of Fig. 5 is 
then discharged through the same mer- 
cury relay and a 560-ohm resistor into the 
pins under test. Results of repetitive tests 
are used to determine the worst-case 


capability of the protective networks, 
Table I. 


TABLE I — Worst-Case Capability of 
Protective Networks 


Worst-Case 
Protective Network Capability 
Standard 
(incl. CD4049, CD4050) LkVto2kV 
Improved 4kV 
Transmission Gate <800 V 


Additional protection can be obtained 
by adding external series resistors at 
device inputs. The value of this resistance 
should be approximately 10 kilohms for 
gate inputs and | kilohm for transmission 
gate inputs. In addition, zener diodes at 
the output pins can clamp the voltage to a 
safe level. The zener-voltage should not 
exceed the absolute maximum rating of 
the part. On-chip protection networks are 
not used on transmission gates so that 
their low “‘on’”’ resistance can be main- 
tained. The 800-volt worst-case capability 
shown in Table I is provided by the in- 
trinsic diodes shown in Fig. 4. 


The value of the input resistor on all 
protection networks, except that used in 


transmission gates, can vary between 100 
ohms and 2.5 kilohms because of circuit- 
design differences. This resistance, in 
conjunction with the capacitance of the 
gate and the associated protective diodes, 
integrates and clamps the device voltages 
to a safe level. The diagrams of Figs. 6, 7, 
and 8 demonstrate that the standard 
protection networks prevent higher than 
normal voltages from reaching the gate of 
the MOS device. In addition, the low RC 
time constant assures that circuit speed 
remains unchanged in spite of the ad- 
ditional components. 
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Fig.6 — Circuits used to provide protection between input pin 


and Vpp pin. 
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Because of the presence of the in- 
tegral protection network, the Vpp 
power supply must not be turned off while 
a signal from a low-impedance pulse 
generator is being applied at an input of a 
COS/MOS circuit. Should the Vpp 
supply be turned off under such con- 
ditions, the Vpp line would be essentially 
grounded, and a positive voltage from the 
pulse generator would be impressed across 
the input diode to Vpp. This voltage 
could cause permanent damage to the 
diode or burn out the Vpp metallization. 
If it is expected that any input excursion 
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will exceed + Vpp or fall below Vgg, the 
current through the input diodes should be 
limited to 10 milliamperes or less to assure 
safe operation. 


Reference 


1. For additional operating con- 
siderations see ‘Guide to Better 
Handling and Operation of CMOS 
Integrated Circuits,” J. Flood, H. L. 
Pujol, RCA Solid State Application 
Note ICAN-6525. 
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Fig.7 — Circuits used to provide protection between 


input pin and ground pin. 
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Fig.8 — Circuits used to provide protection between input pin and output pin. 
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Power-Supply Considerations 


for COS/MOS Devices 


by H.L. Pujol 


RCA COS/MOS Digital Integrated Circuits operate at 
extremely low power dissipation levels. They function 
reliably with high noise immunity over a wide operating- 
voltage range. The RCA COS/MOS product line includes a 
standard line designed to operate with voltage supplies 
from 5 to 15 volts and a low voltage “A” series line 
designed to operate from 3 to 15 volts. These properties 
enable system designers to operate RCA COS/MOS 
devices from unregulated, poorly-filtered supplies, or from 
a wide variety of single- or multiple-cell battery sources. 

This Note describes the salient features of COS/MOS 
devices which permit operation from such a wide range 
of power sources and provides the system designer with 
the necessary information to permit him to design the 
most economical power source for his COS/MOS system. 
This Note is applicable to both COS/MOS product lines 
mentioned above. 


REVIEW OF PERTINENT COS/MOS DEVICE 
FUNDAMENTALS 


Enhancement-Mode Device Characteristics 

The: MOS enhancement transistor is a majority-carrier 
device (See Fig. 1) in which the current in a conducting 
channel between two diffused electrodes (denoted as the 
source and the drain) is controlled (enhanced) by a 
voltage applied to a third terminal (the gate), which is 
insulated from the source and drain. 
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Fig. 1— Cross-section of COS/MOS transistor. 


In an n-type device, the majority carriers are elec- 
trons. A positive voltage on the gate is required to 
enhance the conducting channel. For all gate voltages less 
than a threshold value (Vj), the conductivity of the 


channel is negligible and the device is said to be cut-off. © 


For gate voltages greater than Vp, the channel is “en- 
hanced”, and current flow in the channel will occur if a 
suitable voltage is applied between the source and drain. 
The resultant device characteristics are shown in Fig. 2a. 
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Fig. 2a— Typical n-channel characteristics. 


The operation of the p-type device is analogous to 
that of the n-type, except that the carriers are holes, and 
the applied voltage required to enhance the channel must 
be negative rather than positive. (See Fig. 2b). 

The gate electrode for a device of either polarity is 
insulated from the body of the device; therefore, current 
flows only from source to drain in the channel, never 
from the gate into the channel. 
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Fig. 2b— Typical p-channel characteristics. 


CHARACTERISTICS OF A BASIC COS/MOS 
LOGIC INVERTER 
Quiescent Device Dissipation. 
The basic logic inverter (or gate) formed by use of 
only a p and an n-type deyice in series is shown 


> 


schematically in Fig. 3. When the input lead is grounded 
or otherwise connected to 0 volts (logical “O"). the 
n-device is cut-off, and the p-device is biased on. As a 
result, there is a low-impedance path from the output to 
Vpp, and an open circuit to ground. The resultant 
output voltage is essentially Vpp, or a logic “1” 

Similarly, when the input voltage is a logic “1”, or 
Vpp. then the n-channel device becomes a low imped- 
ance, while the p-channel device becomes an open circuit. 
The resultant output becomes essentially zero volts (logic 
O°): 

Note that one of the devices is always cut-off at 
either logic extreme, and that no current flows into the 
insulating gates. As a result, the inverter quiescent power 
dissipation is negligible (equal to the product of Vpp 
times the leakage current). 

A cross section of the COS/MOS inverter as it is 
formed in an integrated circuit on an n-type substrate is 
illustrated in Fig. 1. The source-drain diffusions and the 
p-well diffusion form parasitic diodes (in addition to the 
desired transistors) at the basic inverter nodes, as shown 
in Fig. 4. These parasitic elements are back-biased (across 
the power supply) and contribute, in part, to the device 
leakage current and thus to the quiescent power 
dissipation. 
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Fig. 3— Basic COS/MOS inverter (schematic). 
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Fig. 4— Basic inverter showing parasitic diodes. 


RCA’s product line of COS/MOS devices consists of 
circuits of varying complexity (i.e., from the dual 4-input 
logic gate that contain 16 MOS devices, to the more 
complex 64-bit static shift registers that contain over 
1000 devices). These devices occupy different amounts of 
silicon area and are composed of varying numbers of 
circuits formed from inverters. Consequently, each device 
in the family exhibits a particular magnitude of leakage 
current, depending upon the total effect of device count 
and parasitic diode area. For example, some logic gates 
are specified to operate with a typical power dissipation 
of 5 nW (Vpp=10V), but 7-stage counters or registers 
are specified to operate with a typical power dissipation 
of SyW (Vpp=10V). Published data includes both 
typical device quiescent-current levels and maximum levels 
(Vpp=5V and Vpp=!0V). The maximum values are 
rarely encountered in RCA devices. 


Device — Switching Characteristics. 

The input/output characteristics for the COS/MOS 
inverter are shown in Fig. 5. As mentioned earlier the 
signal extremes at the input and output are approxi- 
mately zero volts (logic “O”) and Vpp (logic “1’’). The 
switching point is shown to be typically 45 to 55% of 
the magnitude of the power-supply voltage (regardless of 
the magnitude of the power-supply voltage) over the 
entire range from 3 to 15 volts (or 5 to 15 volts). Note 
the negligible change in operating point from -55°C to + 
125°C. 

These excellent switching characteristics permit COS/ 
MOS devices to be operated reliably over a wide range of 
voltages, a property not found in other logic forms. 


AC Dissipation Characteristics. 

During the transition from a logic “0” to a logic 
both devices are momentarily on. This condition results 
in a pulse of instantaneous current being drawn from the 
power supply. The magnitude and duration of this 
current depends upon the following factors: 


“1 ” 
’ 


(a) the impedance of the particular devices being used 
in the inverter circuit 


(b) the magnitude of the power-supply voltage 

(c) the magnitude of the individual device threshold 
voltages 

(d) the input driver rise and fall times 
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Fig. 5— Typical COS/MOS transfer characteristics as a 
function of temperature. 
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An additional component of current must also be 
drawn from the power supply to charge and discharge the 
internal parasitic node capacitances and the load capaci- 
tances seen at the output. 

The device power dissipation which results from the 
above current components is a frequency-dependent para- 
meter. The more often the circuit switches, the greater is 
the resultant power dissipation. The heavier the capacitive 
loading, the greater is the resultant power dissipation. The 
power dissipation is not duty-cycle dependent. For all 
intents and purposes it may be considered frequency 
(repetition-rate) dependent. 

Because the RCA COS/MOS product line ranges 
widely in circuit complexity from device to device, the ac 
device dissipations vary widely from device to device. The 
effect of capacitive loading on the individual devices also 
varies. Figs. 6a and 6b show a family of curves for a 
typical gate device and a typical MSI device. These 
curves, from the published data for the individual devices, 
illustrate how device power dissipation varies as a 
function of frequency, supply voltage and capacitive 
loading. 


AC Performance Characteristics. 

During switching, the node capacitances, within a 
given circuit, and the load capacitances external to the 
circuit, are charged and discharged through the p- or 
n-type device conducting channel. As the magnitude of 
Vpp increases, the impedance of the conducting channel 
decreases accordingly. This lower impedance results in a 
shorter RC time constant (this non-linear property of 
MOS devices can be observed from a close scrutiny of 
the characteristic curves in Fig. 2). The result is that the 


maximum switching frequency of a COS/MOS device in- 


creases with increasing supply voltage. (See Fig. 7a). 

Fig. 7b shows curves of propagation delay as a function 
of supply voltage for a typical gate device. However, the 
the trade-off for low supply voltage (i.e., lower output current 
to drive a load) is lower speed of operation. 

The power dissipated during switching (if the load is 
assumed to be capacitive) is equal to: 


Co Vapi {power is equal to energy per unit time] 
where Cy is the output and load capacitance, Vpp is the 
supply voltage, and f is the operating frequency in hertz. A 
measure of this power dissipation as function of frequency can 
be obtained from the model shown in Figs. 8a and 8b which 
assumes step inputs and zero mode capacitance. 

The average power for the square-wave input voltage 


shown (repetition rate fo = 1/to) is calculated as foHows: 
Ce) to 
2 
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Thus, for a step input, the average power dissipated is 
directly related to the energy required to change and dis- 
charge the circuit capacitance to the supply voltage, Vpp. It 
should be noted that this power is independent of the device 
parameters. Although this equation was derived using an input 
voltage with a rise time of zero, it has also been shown to be a 
good approximation for circuits where the input voltage rise 
and fall times are small with respect to the repetition rate. 
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Fig. 6— Typical power dissipation characteristics (a) Basic 
gate power dissipation characteristics (b) MS! device 
power dissipation characteristics. 
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Fig. 7—- Operating frequency and propagation delay as a 
function of power-supply voltage (a) Maximum 
guaranteed operating frequency as a function of 
power-supply voltage (b) Propagation delay as a 
function of power-supply voltage for the basic 
gate. 
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Calculating System Power 

The foregoing material presented fundamental reasons why 
COS/MOS devices exhibit extremely low quiescent power. 
Also presented were reasons why ac power dissipation in- 
creases with operating frequency and why it varies from 
device to device. 

For these reasons certain guidelines have been developed 
to assist the designer in estimating system power. Total sys- 
tem power is equal to the sum of quiescent power and 
dynamic power. Therefore, the two-step approach outlined 
below can be used: 


1. Add up all typical package quiescent power dissipations 

(as shown in the RCA COS/MOS published data). 
Because quiescent power dissipation is equal to the 
product of quiescent device current times supply volt- 
age, this parameter may also be obtained by adding all 
typical quiescent device currents, and multiplying the 
sum by the supply voltage, Vpp. Quiescent device 
current is shown in the published data for supply volt- 
ages of 5 volts and 10 volts only. 
In cases where the supply voltage is other than that 
shown in the published data, the quiescent device cur- 
rent can be interpolated because this current varies 
approximately linearly with voltage. 


(b) 


Fig. 8- Model for the evaluation of power dissipation 
(a) Waveforms (b) Circuit. 

2. Add up all dynamic power dissipations using 
typical curves of dissipation per package as 4a 
function of frequency shown in the published 
data. In a fast-switching system, most of the 
power dissipation is dynamic, therefore, quiescent 
power dissipation may be neglected. 


The example below illustrates how these rules are 
used to calculate total system power dissipation. 
The system illustrated consists of ten 2-input NOR 
gates, eleven inverters, one D-type flip-flop, and 
one 7-stage binary counter. The system operates 
with a supply voltage of 10V at a frequency of 
100 kHz, and has a load capacitance of 15 pF. 
(See Table 1) 


Gates 


Tabiet 


PQuiescent 


Inverters 


D-type F/F 


Counter 


PT = Pg + Pp = 4.8mW (neglecting Pq) 


This example assumes that all devices are switching at 
the clock-rate (100 kHz). Not all of the logic circuits will 
be switching states at this rate, thus, the total power 
dissipation will be significantly lower than that stated in 
the example. 
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Power-Supply Regulation Requirements. 

The preceding discussion demonstrated that COS/MOS 
devices exhibit reliable switching properties over a wide 
range of power-supply voltages. This fact implies that an 
unregulated supply may be used with the provision that 


(1) maximum voltage limits are not exceeded or 


(2) system speed is no greater than the speed which 
can be supported by the COS/MOS devices operating at 


the lowest value of the Vpp expected from the unregu- 
lated supply. 


To establish the extent of the regulation required, the 
system designer must first determine the maximum 
operating frequency required. Usually, the maximum 
frequency of the system is limited by the stowest 
responding devices in a logic chain. By reference to the 
curve of frequency as a function of Vpp and Cy given 
in the published data for that device, a minimum Vop 
voltage (required for proper operation) can be deter- 
mined. Any value above this Vpp (minimum) will 
provide acceptable performance in the system. By selec- 
tion of a nominal Vpp half way between Vpp (mini- 
inum) and the 15-volt maximum rating for COS/MOS 
devices, the designer can estimate the percentage regula- 
tion required for his system to perform adequately. 

For example, the published data of the RCA 
CD4004A 7-stage binary counter shows a curve (shown in 
Fig.9) of frequency as a function of operating voltage 
for that device. For operation of this counter at 5 MHz, 
with a loading capacitance of 15pF, the minimum operat- 
ing Vpp permitted for reliable operation is 10 volts, as 
shown on the curve. 

Because the maximum Vpp is 15 volts, a half-way 
voltage of 12.5 volts should be the nominal value used. 
In this case, the maximum percentage regulation is 20%. 
If the designer desires a nominal Vpp closer to Vpp 
minimum, then better regulation is required, (for example 
in battery-operated equipment where a standard cell is 
available). 


Filtering Requirements 
Power-supply filtering requirements for COS/MOS 
systems are minimal. Two factors account for this 
situation: (1) the low quiescent power dissipations 
involved, and (2) the fact that the peak value of the 
ripple does not go below a minimum Vpp (which 
supports the required switching frequency), so that the 


COS/MOS logic performs satisfactorily. 
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Fig. 9-- Maximum frequency as a function of power-, 
supply voltage for the CD4004 and CD4004A 


types. 


This performance has been demonstrated in the 
laboratory (see Fig. 10). The amount of ripple on the 
power supply is quite high, yet the device functions 
properly. 


Typical Supplies 
The following circuits indicate some examples of 
adequate supplies for COS/MOS systems. 
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Fig. 10-Peak-to-peak ripple voltage as a function of 
frequency. 
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Fig. 11— Battery standby for COS/MOS systems. 


This system is advantageous in cases where the dc 
supply becomes open or short-circuited. 

With a low battery voltage the COS/MOS system will 
continue to function without interruption. In order to 
drive this system the battery voltage and dc supply 
voltage should relate as follows: 


Vbattery = Vmin. + 0.7V, (0.7V © one diode drop) 
Vmax. > VYpc supply > Vmin. + 1.4V 


In the event the supply drops below Vipin, the 
battery will forward bias diode D2 to form a closed- 
circuit and the COS/MOS system will continue to 
function properly through the battery. 


High DC Source 

For applications (especially in aircraft equipment) 
where the supply voltage exceeds the RCA COS/MOS 
maximum rating of Vpp, the circuit of Fig. 12 can be 
used to reduce the high supply voltage to the normal 
COS/MOS voltage range. This configuration uses a Zener 
diode, a resistor R and a capacitor C. 


The low current demand of the COS/MOS system 
permits an inexpensive but effective Zener diode 
regulator. 


Some of the design considerations are as follows: 


1. Selection of Zener Diode and Resistor R 
The amount of current that must be maintained 
through the diode (Iq) is a function of the difference 
between the worst-case average current required by the 
COS/MOS systems and the current required by the 
Zener diode for regulation based on its particular 
breakdown characteristics. 


The diode current (Ig) and the worst-case average sys- 
tem current (Igyg) determine the value of the resistor 
(R) for a particular Zener regulating voltage. 


2. Selection of Capacitance C 
Before the proper capacitance can be selected the 
following system requirements must be decided upon: 


a. Peak charge requirement. This requirement is a func- 
tion of the peak current and its pulse width. It must 
be measured for the particular system speed and 
load capacitance. 


b. Permissible Vpp minimum: As mentioned in pre- 
vious sections, this minimum voltage will determine 
the maximum operating speed of the COS/MOS 
system. — 

The size of the capacitor (C) may then be determined 
from the following formula: 


Q = Ipt (charge = peak current x pulse width) 


COS/MOS 


SYSTEM 


Fig. 12—Circuit for interface of COS/MOS systems to 
high-voltage supply. 


SUMMARY 


This Note shows that RCA COS/MOS devices offer many 
advantages in the area of simplified power-supply require- 
ments. The wide operating voltage range (3 to 15 volts or 5 to 
15 volts) from a single supply, low power dissipation, and 
high noise immunity permit system designers to use less ex- 
pensive, unregulated, power supplies. This wide voltage range 
makes COS/MOS logic circuits ideal for battery-operated 
equipment because a better selection of cells is feasible. 
Another advantage is the direct compatibility of COS/MOS 
devices with bipolar devices which eliminates expensive and 
power-consuming interface circuits. (See Ref. 1.) 

COS/MOS transistors show great potential for use in 
large arrays because of the low power dissipation and 
effective use of chip area. The relatively small area 
consumed by COS/MOS circuits, as well as the elimina- 
tion of area and power-consuming resistors, results in high 
circuit-density per unit-silicon-area. 

The performance features mentioned in this Note, as well 
as the reduced costs inherent in IC technology make COS/ 
MOS circuits extremely attractive in many digital systems. 


1. “Interfacing COS/MOS WITH OTHER LOGIC Families”, 
ICAN6602 by A. Havasy and M. Kutzin. 
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Noise Immunity of COS/MOS B-Series Integrated Circuits 


by T. Chesney 
R. Funk 


The excellent  noise-immunity 
vharacteristics of COS/MOS_ (com- 
plementary-symmetry /metal-oxide- 
semiconductor) digital IC’s is a 
paramount reason for their preferred and 
successful use in high-noise automotive, 
process-control, production-monitoring, 
and similar _harsh-noise-prone —_ap- 
plications. The introduction of the RCA 
B-series COS/MOS devices furthers the 
well-known noise immunity advantages of 
the COS/MOS technology in two im- 
portant ways: 


1. Improved noise-energy immunity 
as a result of balanced low- 
impedance output circuitry in all 


RCA B-series COS/MOS devices. 
2. Standardized (EIA-JEDEC 


standards) dc noise-immunity and 
noise-margin ratings covering 
buffered and unbuffered CMOS- 
logic types. 


Included in this Note are _ brief 
discussions of logic-system noise and 
rejection concepts, COS/MOS_ dc/ac 
noise-immunity specifications and 
definitions, and dc/ac noise-immunity 
performance data for several B-series 
COS/MOS gates, inverters, and _ high- 


current drivers. 


Logic-System Noise Concepts 
Successful application of any digital- 
logic IC family requires consideration of 


the following: 


1. Externally or internally generated 


noise — both radiated and con- 
ducted. 
2. The inherent _noise-immunity 


capability of the logic family 
selected. 


3. System noise-rejection measures. 
Without coordination of these three 


points, a system design may perform 
unfavorably. 


Consider first the various system or 
environmental noise generating sources. 
External system noise may include the 
noise imposed upon a logic system by 
electric motors, welders, rf transmitters, 
x-ray machines, high-current solenoids or 
relays, pulsed lasers, and circuit breakers. 
All of the preceding emit EMI (elec- 
tromagnetic interference), and many 
produce power-line or ground-path noise 
disturbance. External noise is charac- 
terized by randomly occurring high- 
energy transients that are not easily an- 
ticipated. Usually, this noise is coupled 
electromagnetically or capacitively to 
signal, supply, and ground lines. Internal 
logic-system noise is usually generated on 
logic-signal lines by capacitively coupled 
crosstalk or by logic-switching current 
surges on supply lines or ground lines. In 
ultra-high-speed logic families such as 
ECL, reflection noise resulting from an 
impedance mismatch is also an internal 
noise problem; but because of relatively 
long output transition tires of CMOS 
devices (more than 10 nanoseconds), 
reflection noise can be excluded from 
further consideration. 


Since both external and internal noise 
must be considered, logic systems must be 
designed to survive in a medium to severe 
noise environment, a fact that leads to the 
second consideration, selection of an IC 
logic family having  noise-rejection 
characteristics appropriate to the appli- 
cation. As is demonstrated below by 
considerable data, B-seyies COS/MOS 
devices have good de and ac and noise- 
energy immunity characteristics. No 
matter how good the _ noise-rejection 
capability of a logic IC family, such as 
COS/MOS, system design measures to 
reduce noise entry into logic signal lines, 
power supply lines, and the ground are 
usually necessary to some extent. The 
methods most commonly used to minimize 
noise effects in COS/MOS logic systems 
are: 


1. Power-source line decoupling - 
Good practice suggests use of a 
small-value series resistor and 


zener diode and a capacitor to 
ground on each logic card or each 
50 to 100 IC’s. High-voltage supply 
transients can usually be rejected 
by this simple measure. Separate 
lines should be used for logic 
circuits and power — switching 
circuits. 


to 


Ground-Line Noise - In a system 
in’ which = many _high-current 
switching components, such as 
motors, relays, and SCR’s are 
involved, logic grounds should be 
separated from high — energy 
component grounds. The logic 
grounds should be returned to a 
common point. 


3. AC noise on system signal inputs 
60 Hz is a commonly used 
frequency reference. Raw ac power 
lines should be isolated using a 
transformer or optical coupler. 
Zener-diode limiters are also ef- 
fective. 60-Hz signals can be 
shaped by using COS/MOS Sch- 


mitt-trigger circuits. 


NOISE SPECIFICATIONS 


COS/MOS_ noise’ immunity is 
characterized by dc_ specifications, ac 
noise-immunity performance, and _ noise- 
energy immunity performance. Each of 
these characteristics is defined below and 
supported by performance data. 


DC Specifications 


Table I shows the industry standardized 
(JEDEC) noise immunity and_ noise 
margin ratings, Vyy, and Vyy, for B- 
series devices. Note that separate 
specifications have been established for B 
(buffered) types and UB (unbuffered) 
types. 

Two important noise characteristics can 
be defined by using the Vyy, and Vy yy 


ratings: 


1. Noise Immunity - The Vy] and 
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VIH limits are the device input- 
signal noise-immunity __ ratings 
which, as defined in Table II, are 
30, 30, and 27 percent, respec- 
tively, of the 5, 10, and 15-volt 
supply voltages for the B-series 
types. Percentages are lower for 
unbuffered gates, as shown in 
Table II. The Vyy, and Vy 
ratings define the maximum 
permissible additive noise voltages 
at an input terminal when input 
signals are 50 millivolts off the 
supply rails. 


Noise Margin - The difference 
between Vy; and Vo or Vy and 
Vo is the device noise-margin 
voltage for the noninverting case. 
Table II designates the B and UB 
noise-margin voltages. Noise 
margin voltage is defined as that 
noise voltage that can be impressed 
upon VyQK at any (or all) logic I/O 
terminals without upsetting the 
logic or causing any output to 
exceed the Vg ratings of Table I. 


Table I — B-Series 


Of the two COS/MOS dc _ noise 
definitions, immunity and margin, RCA 
prefers the noise-immunity specification 
as the more practical COS/MOS system 
definition because CMOS outputs are 
normally 50 millivolts off the rails. 


However, designers familiar with TTL 
may prefer to use the noise-margin voltage 
for system analysis. 


AC Noise Immunity 


COS/MOS ac noise immunity takes 
into account both the device switching 
threshold (dc noise immunity) and the 
noise-pulse width. The latter is affected 
primarily by the COS/MOS IC band- 
width, especially output transition times. 
Fig. | shows the usual COS/MOS noise- 
voltage amplitude, V;, as a function of 
noise-pulse-width characteristic, tp: 


Because noise pulses are narrow compared 
with device output transition time, noise- 
voltage rejection is high. As the pulse 


DC Noise Immunity and 


Noise Margin (Ta = 25°C) 
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widths approach the IC bandwidth, the 
curve flattens out at the device switching- 
threshold voltage. AC  noise-voltage 
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Fig. 1 Generic ac _ noise-immunity 


curve. 


immunity curves, such as those in Fig. 1, 
are applicable to: 


- Positive noise pulses on signal lines 
in the 0 state. 

- Negative noise pulses on signal lines 
in the | state. 


- Positive noise pulses on the ground 
terminal. 

- Negative noise pulses on the positive 
supply terminal. 


Curves of this type indicate the frequency 
(as defined by noise-pulse characteristics) 
at which the user has satisfactory dc noise 
performance. The curves are especially 
useful in calculating typical noise-energy 
performance, a parameter that takes into 
account the circuit impedance. 


Noise-Energy Immunity 


Noise-energy immunity takes into 
account the pulse width and the circuit 
impedance at the point where the noise is 
introduced. Noise-energy immunity, E 
in nanojoules, is calculated as follows: 


,% 


where EX is noise-energy immunity in 
nanojoules, V4}, is the device switching- 
voltage threshold for a given noise-pulse 
width, t,, is the noise-voltage pulse width 
in nanoseconds, and Rg is the impedance 
to ground in ohms at the point of noise 
entry. Rg is usually the output resistance 


of the COS/MOS device. 


By using values of V and t,, obtained 
from the curve of Fig. 1, the noise-energy 
immunity curve of Fig. 2 is generated for a 


given value of Rg. A comparison of Figs. 
1 and 2 shows that the minimum values of 


NOISE ENERGY (Ey) —nJ 


NOISE PULSE WIDTH (tp)—ns 
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Fig. 2 Generic 
immunity curve. 


noise-energy- 


noise-energy immunity occur at an input- 
noise pulse width for which the noise- 
voltage amplitude of Fig. 1 begins to 
approach the dc_ noise-immunity or 
threshold voltage of a device. The 
minimum noise-energy immunity is the 
basis for the calculations and comparisons 
involving most IC families. 


NOISE-IMMUNITY TEST DATA 
DC Noise-Immunity Test Data 


CMOS dc noise-immunity performance 
is obtained by plotting the voltage-transfer 
characteristic of a CMOS gate, inverter, 
or buffer. Figs. 3 and 4 show the voltage- 
transfer characteristics of the CD4001B, a 
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Fig. 3 CD4001B_ voltage transfer 
characteristic. 


buffered, quad 2-input NOR gate, and the 
CD4001UB, an unbuffered version of the 
same gate. Comparison of Figs. 3 and 4 
and Table I indicates that the values of 
Vix and Vy for these devices are well 
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INPUT VOLTAGE (Vin)—V 
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Fig. 4 CD4001UB voltage transfer 
characteristic. 


within the — standard JEDEC 
specifications. The Vyy, and Vyy values 
for any typical COS/MOS device indicate 
a typical de noise immunity close to 50 
percent of the supply voltage, a 
paramount advantage of CMOS logic 
devices over TTL, ECL, PMOS, and 
NMOS logic devices. 


AC Noise-I[mmunity Test Data 


Fig. 5 shows the test circuit used in the 
evaluation of the ac noise immunity of B- 
series COS/MOS devices. The criterion 
used is the triggering of a_ typical 
CD4013B flip-flop at the clock input. The 


FOR 
STATE 
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Fig. 5S Test 
evaluation of B-series COS/MOS devices. 


circuit used in the 


circuit of Fig. 5 accounts for typical 
CMOS loading factors and generally 
reflects the ac noise performance of typical 
B-series devices. The device types used in 
the evaluation include the following: 


CD4001UB —_sunbuffered quad 2- 
input NOR gate, 
CD4001B buffered quad 2-input 


2-input NOR gate, 


ICAN-6587 


CD4011UB unbuffered quad 2- 
input NAND gate, 

CD4069UB hex inverter, 
CD4049UB _ hex inverting buffer. 


The above list includes the most 
commonly used COS/MOS gates, in- 
verters, and buffered devices. The ac 
noise-immunity characteristics of the 
buffered NOR gate (CD4001B) reflect the 
noise-immunity performance of buffered 
CMOS products of all descriptions. 


SIGNAL-LINE OR EXTERNAL 
NOISE IMMUNITY 


The following analysis was used to 
determine the immunity of a COS/MOS 
gate to noise on the input line at both the 0 
(low-level) and 1 (high-level) logic states. 


0-State Analysis 


The signal-line noise immunity of 
COS/MOS gates and inverters was 
evaluated by means of the test circuit 


shown in Fig. 6. The COS/MOS units 
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Fig. 6 ‘Test circuit used to evaluate 
signal-line noise immunity of COS/MOS 
gates and inverters. 


tested were the CD4001UB, CD4001B, 
CD4011UB, CD4049UB, and 
CD4069UB. Fig. 7 shows the results 
obtained. The test circuit is designed to 
measure the voltage required at the input 
of the unit under test to trigger a CD4013 
flip-flop. 


During test, a positive-going noise pulse 
is introduced into the signal line of the unit 
under test. At some voltage level, 
depending on the width of the pulse and 
the gate thresholds, this pulse causes the 
flip-flop to be clocked via the CD4001B 
gate. This voltage level defines the per- 
missible input range for a logical 0. 
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Results of 0-state signal-line 
noise-immunity tests. 


Fig. 7 


A de analysis of the transfer charac- 
teristics of the components included in the 
test setup can also be used to determine 
the noise level required to clock the flip 
flop. Fig. 8(a) shows that a signal of 4.15 
volts is required at the input to the 
CD4001B gate to produce an output of 4.5 
volts at a supply voltage, Vpp, of 10 
volts. Fig. 8(b) shows that an input of 5.25 
volts is required to trigger the CD4013 
flip-flop at a supply voltage, Vpp; of 10 
volts. All measured values shown in Fig. 8 
were obtained from measurements on 
gates that have typical  threshold- 
switching characteristics. 
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(c) cD4049UuB) Ta = 25°C. 


Fig. 8 Transfer characteristics of 
components used in the circuit of Fig. 6. 


Careful analysis of the ac noise curves of 
Fig. 7(c) (for the CD4049UB) for 0-state 
signal-line noise shows a voltage-pedestal 
effect occurring at noise pulse widths 
associated with the noise-threshold region 
of the units under test. A comparison of 
the voltage-transfer curves of Fig. 8(c) 
with the dynamic input capacitance curves 
for the CD4049UB, Fig. 9, reveals that 
this pedestal effect occurs in the same 
region as the peak Miller input 
capacitance, where the inverter is in its 
maximum linear-gain region. Most 0- and 
]-state noise-voltage characteristics curves 
in this Note exhibit this pedestal effect to 
some degree. 
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Fig. 9 Dynamic input capacitance 


curves for the CD4049UB. Ta = 25°C. 


1-STATE ANALYSIS 


Fig. 10 shows the test arrangement used 
and Fig. 11 the results obtained from 
noise-immunity measurements on_ the 
COS/MOS logic gates and_ inverters 
identified above when the input is high 
and a negative-going pulse is superim- 
posed on the signal line. 
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Fig. 10 Test circuit used to measure 
noise immunity of COS/MOS logic gates 
and inverters when the input is high and a 
negative-going pulse is superimposed on 
the signal line. 
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Fig. 11 Results of 1-state signal-line 


noise-immunity test. 
POWER-SUPPLY NOISE IMMUNITY 


The test configuration shown in Fig. 12 
measures the ability of test units to 
withstand a negative-going noise pulse 
superimposed on the supply line without a 
change in state; Fig. 13 shows results of 
tests. A pulse of sufficient amplitude 
causes the output of the gate to decrease so 
that, at some point, the CD4013B flip-flop 
is triggered from the rising voltage at the 
output of the driving inverter stage. 


It should be noted that two power 
supplies are used in the arrangement of 
Fig. 12. An equivalent resistor or inductor 
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Fig. 12 Test circuit used to measure 
the ability of test units to withstand a 
negative-going noise pulse on the supply 
line without a change in state. 
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Fig. 13. Power-line noise immunity: 
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for simulating contact resistance and lead 
length is used in the Vpp line of the unit 
under test. Without this resistance the test 
unit will not react to the noise pulse. 


GROUND-NOISE IMMUNITY 


Noise on the power line may be ef- 
fectively reduced or eliminated by the use 
of decoupling capacitors; however, 
ground-line noise cannot be reduced so 
easily and, therefore, is more ob- 
jectionable. Fig. 14 shows the test circuit 
used to measure the ground-line noise 
immunity of COS/MOS gates and in- 
verters; Fig. 15 shows curves of the results 
obtained. Again, the units under test 
would not react to the noise unless a 25- 
ohm resistor or small inductor simulating 
lead length or contact resistance were 
placed to ground. 
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Fig. 14 Circuit used to 
ground-line noise immunity. 


measure 


CROSSTALK NOISE IMMUNITY 


A test circuit used to evaluate crosstalk 
is shown in Fig. 16. A noise pulse from a 
pulse generator is coupled to the signal 
line of the gate or inverter through a 
capacitor. The noise voltage necessary to 
trigger the flip-flop is then measured for 
different values of capacitance under high 
and low input conditions. Fig. 17 shows 
the effect of capacitance on the inputs of 
the units under test. 


The circuit shown in Fig. 18 more 
closely approximates crosstalk caused by 
adjacent signal lines. The response of the 
test circuit to a noise pulse may be ex- 
plained by analysis of the response of a 
high-pass RC circuit to a ramp input of V; 
= at, where « is the coefficient of 
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Fig. 15  Ground-line noise-immunity 
measurements. 
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Fig. 16 Circuit for measuring noise 


voltage as a function of coupling 
capacitance. 
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Fig. 17 Effect of coupling capacitance on the inputs 
of the units under test (Ta = 25°C). 
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coupling and t is rise time, 10 to 90 per- 
cent. The output voltage VQ may be 
expressed by the following equation: 


Vo = @RC (1-e—t/RC) (1) 


The equivalent circuit for the part of the 
test configuration used in this analysis is 
shown in Fig. 19. On the basis of this 
equivalent circuit, Eq. (1) may _ be 
rewritten as follows: 2) 


Ig max & & (Zo [Zp C [(1-e*/2Z]1Z;,,) C] 


If V; is assumed to be « t during the 
period in which the output voltage 
switches from 10 to 90 percent of its total 
value, this change in output voltage can be 
expressed as follows: 


Vj (Zo Il Zin) © 


AVo max t 


* fie V2 25 1Z,) C] (3) 


The results of this analysis may be applied 
to the various crosstalk waveforms ob- 
tained. 
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Fig. 18 Circuit closely approximating 
conditions for crosstalk on adjacent signal 
lines. 
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Fig. 19 Equivalent circuit used in 
crosstalk analysis of test configuration 
shown in Fig. 18. 


Crosstalk measurements that simulate 
actual operation are made by use of the 
test circuits shown in Figs. 20 and 21. The 


circuit of Fig. 20 simulates a round-cable 
system and Fig. 21 a ribbon-cable system. 


In Fig. 20, a sense line is placed tightly 
within five surrounding wires (No. 22 
gauge) to form a 6-foot-long cable with a 
capacitance of 18 picofarads per foot 
(determined by measurement). 
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Fig. 20 Circuit simulating a round- 
cable system. 


In Fig. 21, a sense line is placed bet- 
ween two adjacent driving lines (No. 22 
gauge) of a 6-foot-long ribbon cable with a 
capacitance of 16 picofarads per foot 
(determined by measurement). 


90 pF/62 in. 
17.3 pF/I ft. 


o2cu- 29364 


Fig. 21 Circuit simulating a_ ribbon- 
cable system. 


The results of crosstalk are shown in the 
photographs of Figs. 22 and 23 for round 
cable and ribbon cable, respectively. The 
crosstalk was insufficient to trigger the 
CD4013B under all conditions of the 
circuits of Figs. 20 and 21. 
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Fig. 22 Crosstalk in the round-cable 
system. 
NOISE-ENERGY -IMMUNITY 


PERFORMANCE DATA 


Table III shows computed values of 
noise-energy immunity for the gate, in- 
verter, and buffer types identified above. 
Noise pulse width, t,, and noise threshold 
voltage, Vy, data were obtained directly 
from the | and 0 signal-input ac noise- 
immunity test curves presented earlier in 
this Note, Figs. 7 and 11. Values of Ry are 
typical output impedances for the 
CD4001B driving gate used in obtaining 
the curves. Fig. 24 is a plot of high- and 


low-input state noise-energy immunity for 
the CD4001B gate as a function of input 
pulse width. These curves show that noise- 
energy immunity is high for noise band- 
widths that exceed the speed capability of 
the device, and a minimum of ap- 
proximately 1.3 nanojoules where the 
noise-pulse width (50 to 100 nanoseconds) 
approximates the device output transition 
time. Noise-threshold energy increases 
steadily with greater pulse widths. 


773 


O STATES 


O STATES 


ICAN-6587 


TYPE 


a 
CD4001UB 


a 
> co40018 | T 


Table [11 — Typical Values.of Noise-Energy Immunity. | Ta=25°C 
40}— -t 


TYPICAL =“ Tr 
NOISE-ENERGY a 
IMMUNITY* Bo; 


IMPEDANCE LOGI 
Ro (ohms) SsIalt 


LOW 


L 
CIN 
L EFFECT 


| 
| 
t 
| 
| 
| 
+ 
| 
+ 


ENERGY — nJ 
2 
fo} 


ENH(nJ) 


700 Picanol 


Se " — — _ — = 
fe) 100 200 300 400 500 


40 


NO 
~S 
on 
= 
ep) 
a 


N 
v 
Cc 
c 
yp 
m 
= 
So 
4 
=x 
= 

oe 

| 
> 
rs 


92CM- 29371 


—_ 
o 


— 


ea a Bs - 
[ | | <paene 
Lan - | 12 28°C —— 
CD4001B 270 | 270 ol | 3 ee 
190 5 | | oeectasceelt 
| | | Viwslow | 
4 t— == ma SS 4 


CD4011UB 
5 
CD4049UB 10 


5 
CD4049UB 10 


40 . 1 io 
10. ; HULSE WIDTH (tp) — me 580 
Fig. 24 High- and low-input _ state 
noise-energy immunity for the CD4001B 
gate as a function of input pulse width. 
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comparable to the performance of bipolar 
TTL gates at 5 volts despite their much 
higher output drive current. At operation 
eines above 5 volts, the noise-energy immunity 
teiwnz of COS/MOS devices ranges up to 20 
Vin® nanojoules at 15 volts, far exceeding the 
OSTATE noise-energy immunity of TTL. This 
improved noise immunity makes CMOS 
logic devices far more economical to use in 
high-noise automotive and _ industrial 
control environments than TTL devices. 
This noise-rejection capability exceeds 
even that of bipolar high-threshold logic, 
which has only approximately 5 
nanojoules of noise-energy rejection in the 
high logic-input state. 


ENERGY — nJ 
w 
| 1 | 


Spo, yh ii) oi | i ln 
NJLOl-|FILlaolalSlo/= 


92CM- 29370 


— — _ — —_ 


PSS 
EE 


Vop= > Vv 
t,=t¢=lOns 
f= | MHz 
VIN= 

| STATE 


Van ® 5 V 
2V/cm 00 


; 
; 
} . t 
. 
¥ 
; 
; i 
; H 
; 
“ aa +-- 


1V/com 


92CS- 29367 


ae : 
Te == 1 oe 
: ree Teas Pee ees 


Vpp =!0 V 
torts lO ns 
f= | MHz 
VIN = 

| STATE 


Vop* lov 


t,=t¢=lOns 
f= | MHz 
ViIN= 

O STATE 


4V/cm oT ‘eee 

t } 

2a: 
: 


SE Sat 


(c) (d) 


ent a 
nagar 


The good inherent noise immunity 
provided by COS/MOS devices leads to 
design economy, and complements the 
accompanying benefits of COS/MOS: 
low-cost, medium- to _ high-speed 
operation, wide operating voltage range, 
good temperature stability, wide selection 
of SSI, MSI, and LSI device types, etc. 
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Fig. 23 


Crosstalk in the ribbon-cable system. 
low-level ac noise-immunity for the 
CD4049UB buffer is slightly lower 
because of the lower effective input 
threshold of the large NMOS transistor 


used. 


CONCLUSIONS 
The noise-immunity test data 
demonstrates the high noise immunity of 
COS/MOS digital integrated circuits. 
Typical ac noise-voltage immunity for an 


unbuffered gate is 2 volts for a 5-volt 
supply, 5 volts for a 10-volt supply, and 7 
volts for a 15-volt supply. As expected, the 
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Of paramount interest is the good noise- 
energy performance of approximately 1.3 
nanojoules for B-series gates, which is 
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Interfacing Analog and Digital 
Displays with CMOS Integrated Circuits 


by J. E. Gillberg 


Many forms of displays are available for 
interfacing digital and analog information 
from electronic circuits with the individual 
end user. The display choice generally 
takes into consideration not only technical 
feasibility but also visual impact and often 
aesthetic appeal. Until recently, the 
analog display, primarily motors (both 
synchronous and stepper) with gears, 
hands, or drums, has been the most widely 
used. At present, however, new 
developments are making the digital 
display the more dominant method. 


This Note describes some of the 
COS/MOS integrated circuits most 
suitable for interfacing the electronic 
circuit and the display. In the case of 
digital displays, it describes basic display 
operation to help simplify the equipment 
designer’s task in selecting both the most 
appropriate display and the most suitable 
interfacing device. 


Analog Display Drivers 


Analog displays are usually driven from 
either a synchronous motor or a stepper 
motor. The synchronous motor receives an 
incoming signal at a frequency of ap- 
proximately 60 Hz and _ continuously 


OUT 


SS SS =} XTAL = 


rotates at that frequency. The stepper 
motor receives an incoming signal at about 
0.5 to 2 Hz and rotates only during the 
active pulse interval. The stepper motor 
gives the effect of a non-continuous 
movement of the motor or wheel. 


One of the major users of digital circuits 
with analog displays is the timekeeping 
market. This market has continued to use 
analog displays because of the many basic 
advantages of the familiar clock or watch 
face with moving hands. These ad- 
vantages include low cost, high reliability, 
simplified electronics, familiarity of 
display mode, and low current drain. 


A number of IC’s are available for 
interfacing the electronic clock circuitry 
and the analog display. An excellent 
example is the CD4045, a COS/MOS 21- 
Stage Counter. As shown in Fig. 1, this 
device can be used in timing applications 
not only to generate the crystal oscillator 
output, but also, because of its output 
current capability, to directly drive a 
stepper motor. Fig. 2 gives curves 
illustrating the current capabilities of the 


CD4045. 


One method of reducing the current 
drain of a stepper motor is to terminate the 
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Fig. 1 - CD4045, COS/MOS 21-stage counter, 
used to generate crystal oscillator output and to 


drive stepper motor. 
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Fig. 2 - Typical output n-channel and p- 
channel drain chgracteristics of the CD4045. 
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incoming pulse at the precise moment the 
armature achieves enough momentum to 
rotate to the next position without any 
additional current. The Low-Voltage 
COS/MOS Analog Timepiece Circuit 
CD22010E has the capability of detecting, 
as shown in Fig. 3, when no additional 
current is required by the motor. It 
operates as follows. At the beginning of 
the output pulse because the load is in- 
ductive no current will immediately flow 
(V = L di/dt) and the voltage at the 
output will be at ground, as shown in Fig. 
4 at t,. After time, the current will begin 
to flow into the pull-down n-channel 
transistor of the CD22010E. This current 
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Fig. 3 - CD22010E, a low-voltage COS/MOS 
analog timepiece circuit, used to detect status 
of stepper motor current. 
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Fig. 4 - Nominal output pulse of stepper 
motor. 


flow raises the output voltage until the 
motor begins to rotate and cause a back 
electro-motive force thereby reducing the 
voltage at the output. Once the motor has 
achieved enough momentum to move cn 
its own inertia, however, any added 
current again raises the output voltage. 
The time interval from t, to tg in Fig. 4 is 
the nominal output pulse. Time t] in- 
dicates the end of an internal activation 
period after which any rising edge on the 
output will trigger internal circuitry to 
terminate the pulse width, thus saving 
battery current. 


The battery-operated wall clock is one 
of the major areas for analog displays 
primarily because of the low-voltage (1.5 
to 3.0 V typical) and low-current (60 A 
typical) operation. A number of display 
interface circuits are available for this 
application. The most suitable depends 
upon the type motor and the voltage being 
used. Several of these circuits are 
illustrated in Fig. 5. In Fig. 5(c), the 
capacitor Cy increases the maximum 
pulse or spike current supplied to the 
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3 MOTOR STANDARD BRIDGE CIRCUIT 


Fig. 5 - Typical motor interface circuits for 


analog watch or wall clock circuits. 
motor. The value of this added capacitor 
is typically between 1 and 10 microfarads 
and is dependent upon the frequency of 
operation. 


Many integrated circuits are available 
from RCA that can be used to interface an 
analog high-current-drive display. Table I 
lists several of these devices. For technical 
data on these devices see the RCA IN- 
TEGRATED CIRCUITS DATABOOK 
SSD-250 or the technical data sheet for the 
specific device. 


Digital Display Systems 


With the development of MSI and LSI, 
digital displays emerged as an important 
method of information transfer and many 
new display systems appeared. The most 
popular or promising types of digital 
displays are listed in Table II along with a 
brief summary of their major advantages 
and disadvantages. In the following 
material each display system is discussed 
with the emphasis on adaptability to 
interfacing electronic circuitry. 


Liquid Crystal Displays 


The most important advantage of the 
liquid crystal display is its very low power 
consumption, typically 50 microwatts per 
character. The reason for this low power 
consumption is that the liquid crystal 
display does not generate or emit light, but 
controls reflected or transmitted light 
generated elsewhere. 


The liquid crystal display device 
consists of a layer of liquid crystal material 
sealed between two conductive-coated 
glass plates. The liquid crystals are fluids 
having molecule alignment characteristics 
very similar to those of solid crystals. The 
alignment of the molecules can be changed 
by the application of an ac signal. This 
change in alignment can produce image 
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patterns determined by the physical 
construction of the device. Electrical 
contact is made to the liquid crystal by 
means of a transparent conductor. 
Because the image pattern depends upon 
molecular alignment, the direction which 
light strikes the liquid crystal is very 
critical. As a result, light polarizers are 
attached to the front and back to control 
whether the display is dark on a light 
background or light on a dark 
background. Fig. 6 shows the sandwich- 
type construction and the arrows illustrate 
the molecular polarization of a liquid 
crystal material resulting from an ac field. 


There are two basic types of LCD’s: 
dynamic scattering devices and field-effect 
devices. When an ac field is applied to a 
dynamic scattering liquid crystal, the 
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Fig. 6 - Basic operation of field-effect type 


liquid crystal device 


Table I — Analog-Display Driver and Counter COS/MOS Integrated Circuits 


Freq. Description 
32 kHz  Portescap stepping-motor drive, 
with pulse-width control (1 Hz) 
4 MHz _ SOS stepping-motor drive 
(2 Hz push-pull) 
4 MHz Quartz analog auto clock 
(0.5 Hz push-pull) 
3 MHz Quartz analog auto clock 
(64 Hz push-pull) 
4 MHz Quartz analog clock (60 Hz) 
2 MHz Quartz analog auto clock 


(30 Hz push-pull) 


Universal industrial timer 


Table II — Digital Display Technologies 


Type Family Package Volts 
Dev. No. 
Clocks 
CD22010E TA6656 8-DIP 1.5 
CD22011E TA10294 8-DIP 1.5 
Auto Clocks 
CD22012E TA6489 14-DIP I2 
CD22013E TAI10176 8-DIP i2 
CD22014E TA6817 8-DIP 12 
CD22015E TA10177 8-DIP 12 
Industrial Timers 
CD22017E 16-DIP 10 
Type Advantage 


Liquid Crystal 
Light-emitting diode 


Gas discharge Easily read 
Fluorescent Low segment current, low cost 
Incandescent Brightness, low cost 
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Low power, low voltage 
Low cost, simple interface 


Disadvantage 
AC signal — difficult to multiplex 
High current, visibility 
High voltage 
High filament current/fragile 
High current 


showing molecule 
alignment and major elements. 


molecules which are normally aligned, 
and hence transparent, are rearranged to 
scatter any available light, and the display 
becomes opaque. The field-effect type 
displays a visual change when the 
molecule alignment is rotated from one 
plane to another, as illustrated in Fig. 6. 
The field-effect liquid-crystal device has 
become the more popular display. 


Two kinds of liquid-crystal devices are 
available in either the dynamic-scattering 
or field-effect cateogry: reflective and 
transmissive. The only difference is that 
for the former, reflective material is added 
to the back of the display to reflect the 
light entering the front. This type is well- 
suited for applications where substantial 


ambient light is available. In applications 
where the ambient light is small, the 
transmissive display could be used with 
some form of back lighting. 


Liquid-crystal devices require an ac 
drive signal having no dc component. A dc 
component can cause an electrolysis 
plating action which can eventually 
damage the display. For field-effect 


displays, this drive signal may be from 2 to 
10 volts at 60 to 10,000 hertz; for dynamic- 


scattering devices, the signal may be from 
7 to 30 volts at 20 to 400 hertz. 


When a liquid-crystal segment is ac- 
tivated by a drive signal, the phase 
relation between it and the transparent 
electrode applied to the glass backplane is 
180° and a visual display results. When no 
drive signal is applied to the segment, the 
backplane and segment are in phase and 
the visual display is off. 


The usual method of activating a 
segment is to apply a square wave which is 
out of phase with the square wave applied 
to the common backplane. As shown in 
Fig. 7, when the segment square wave is in 
phase with the back-plane square wave, 
the segment is not activated. By the use of 
a square wave for both the common 
(backplane) and the selected segment 
drive signal, the effective dc voltage across 
the display is always zero regardless of 
whether the display is activated or not. 


Liquid crystals offer the important 
advantages of requiring very little power 
and low voltage. Their disadvantages are: 


1. Because they need an ac signal for 
operation, multiplexing is difficult. 

2. They need good ambient light or 
back lighting. 

3. They have a limited operating 
temperature range: -20 to 60 or 


85°C. 

4. Their cost in relation to other 
displays is high. 

5. Their response time is slow: 100 to 
300 milliseconds. 


RCA offers several display drivers for 
liquid crystal devices: the CD4054, a 4- 
segment display driver; the CD4055, a 
BCD-to-7-segment decoder/driver with 
“display frequency’ output; and the 
CD4056, a BCD-to-7-segment 
decoder/driver with strobed-latch func- 
tion. These devices have level-shifting 
capability for interfacing low-voltage logic 
signals to higher-voltage display signals. 
In addition, a full line of direct drive LCD 
watch chips is available. 


Light-Emitting Diodes 


The light-emitting diode (LED) has also 
received wide acceptance as a digital 
display in the last several years because of 
its low-voltage operation, long life, ease of 
multiplexing, high reliability, and fast 
response time. An LED is a semicon- 
ductor diode composed of a p-n junction. 
In forward-biased operation, because of 
recombination of holes and electrons, the 
diodes radiate a colored light in a narrow 
spectrum. LED displays are normally 
constructed of either gallium phosphide 
(GaP) or gallium arsenide phosphide 
(GaAsP) semiconductor material. Both 
types of LED displays have approximately 
equal advantages and disadvantages. The 
GaAsP type, however, is more prevalent 
for red displays. The forward drop is 
approximately 1.6 volts for GaAsP diodes 
and 2.1 volts for GaP diodes. Two con- 
figurations of LED are available: common 
anode (requiring sink current) and 
common cathode (requiring source 
current). Fig. 8 illustrates both types of 
device. 


Any single LED segment is electrically 
the same as any conventional solid-state 
diode although the LED does have a 
slightly higher forward voltage drop. Once 
the forward voltage reaches approximately 
1.6 volts, the current which up to that 
point has been very small increases 
rapidly. A typical GaAsP LED needs 
approximately 5 to 30 milliamperes for a 
reasonable amount of brightness. If 
current continues to increase, the LED 
will reach a light saturation mode at 
approximately 100 to 150 milliamperes. At 
this point any increase in current will not 
increase the amount of light generated. 
Because the efficiency is greater for higher 
currents and the electrical and light output 
rise times are in nanoseconds, LED’s are 
well suited for multiplexed or pulsed 
output drive. Pulsed output drive can also 
decrease the total amount of power 
required to achieve a given brightness by 
as much as 30 per cent. 
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As an example, consider the design of a 
four-digit multiplexed LED display 
system to interface with a four-digit in- 
formation storage device. The LED needs 
an average of 6 milliamperes of current to 
achieve the desired brightness. Because 
there are four digits, the multiplexed 
signal requires a 25 per cent duty cycle. 
The peak current, therefore, must be 4 x 6 
milliamperes to achieve the 6-milliampere 
average current. The CD4511 BCD-to- 
seven-segment latch decoder driver is 
designed with emitter-follower n-p-n 
bipolar outputs and is therefore able to 
supply the needed peak current of 24 
milliamperes. The digit driver must be 
able to sink a peak current of 7 x 24 or 168 
milliamperes when all segments are turned 
on. Many available discrete or integrated 
bipolar devices can meet this requirement. 
Fig. 9 illustrates a suitable circuit. This 
circuit uses a CD4511, a BCD-to-7- 
segment latch decoder driver; CD4052’s, 
differential four-channel multiplexers; 
CD4094’s, eight-stage shift-and-store bus 
registers; and CD4011 NAND gates. 

The multiplexing digit signal, which 
can also be used to clock a counter to 
control the CD4052, can be derived by use 
of a CD4017 as shown in Fig. 10. The 
CD4017 is a counter/divider having ten 
decoded outputs. The number of digits 
multiplexed can be increased beyond four 
by taking the digit drive from a higher 
output on the CD4017. The output should 
be N + 1 where N equals the number of 
digits to be multiplexed. The CD4017 
must be interfaced to a bipolar driver to be 
able to sink or source the current needed 
by each digit (168 milliamperes). 


Fig. 11 shows a typical digit driving 
circuit. The calculation of the value of 
resistor R) can be made as follows: 

Let 6 = the gain of the transistor 
then 61) 2 168 mA 
> 
or I) = 168/8 mA 


Once Vpp is established, a given Vps 
can be taken from Fig. 11b for current re 


Therefore, R; = (Vps - 0.7)/Ty 
kilohms 
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Fig. 7 - Timing diagram of liquid crystal 


Fig. 8 - Common cathode and common anode 
light-emitting diode configurations. 


activated by square waves to avoid damaging 
effects of a dc component. 
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Fig. 9 - Interfacing of four-digit multiplexed 
LED display system with a four-digit in- 


formation storage device. 
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Fig. 11 - Typical digit driving circuit and 
minimum output n-channel drain charac- 
teristic used for calculating value of resistor 


Hi, 


Fig. 12 shows the segment and digit 
drive. Resistor Ro is necessary to avoid 
current “hogging” in the LED segments. 
The value of Ro is calculated from the 
curves in Fig. 13 showing output current 
as a function of output voltage for the 
CD4511B and from the information 
supplied with the LED. 


Let Ig = peak current in segment 
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Fig. 10 - Use of CD4017, a counter/divider 
having ten decoded outputs, to provide the 
multiplexing digit signal. 


optical filter in front of the LED. This 
filter increases the contrast ratio of the 
LED display and makes it easier to read in 


any ambient light. 


VOUT = voltage out of the CD4511B 
from Fig. 13 at the Vpp being 
used in the system 


Vp = voltage across LED segment for 
required brightness 

VcE = voltage across digit driver 
transistor 


Then, 
_ Ypp-'Yout + Vp + Vcr) 


Ro Is 


In this example 
Vpp- (Vout + Vp + Vcr) 
24mA 

kilohms 
If the value chosen for Rg is too low, 
uneven segment lighting can _ occur. 
Resistor Ro, therefore, should be as large 
as possible. 

One major drawback to the use of LED 
displays is that the contrast ratio of the 
display is very low in bright light. The 
easiest means of correction is to place an 
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Fig. 12 - Segment and digit drive circuit for 
LED. 
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Fig. 13- Typical voltage drop (V pp to output) 
vs. output source current as a function of 
supply for the CD4511. 


Gas-Discharge Displays 


Gas-discharge or cold-cathode displays 
are available in both seven-segment and 
one-of-ten decoded displays. The one-of- 
ten decoded displays operate by energizing 
one of a series of stacked cathodes each in 
the shape of the numeral to be displayed. 
This stacked arrangement causes some 
viewing problems because the different 
numbers appear to move in or out within 
the display. A CD4028 BCD-to-decimal 
decoder could be used for the one-of-ten- 
decoding necessary for this type of device. 
The seven-segment decoded gas-discharge 
displays operate in a very similar manner 
to the seven-segment LED displays 
mentioned earlier. 


One disadvantage of gas-discharge 
displays is the high potential needed to 
activate the display. Typically, a voltage 
between 80 and 200 volts is necessary to 
cause ionization of the enclosed gas. Once 
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Fig. 14 - Basic series and shunt circuits for 
multiplexing gas-discharge displays. 


ionization takes place, the cathode glows a 
dull red or _ orange-like color. In 
multiplexing these devices, care must be 
taken to make sure that segments 
energized for one digit are completely 
deionized before the next digit is ac- 
tivated. 


For multiplexing gas-discharge 
displays, either the shunt or the series 
method can be used. See Fig. 14. The 


series method has the advantage of lower - 


power dissipation, but it requires that the 
switching transistor have higher voltage 
and lower leakage than the shunt method 
requires. Fig. 15 illustrates the 
multiplexing of a one-of-ten gas-discharge 
display. Because of diode D1, the 
oscillator using the CD4011 produces a 
non-symmetrical output having an off 
period long enough to assure that all 
characters are deionized. 

Fluorescent Displays 


The fluorescent display, like the LED, 
is a seven-segment device. Its operation is 
similar to that of a vacuum tube. The 
major difference is that the anode of the 
display has a phosphorescent coating 
which when struck by an electron beam 
emits blue-green light. Because this light 
is of a very wide spectrum, it can be 
filtered with little loss of display 
brightness. A positive potential of about 15 
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to 25 volts from anode to cathode is 
typically used to accelerate electrons 
emitted from the cathode. When the 
cathode is activated, the current flow is 
approximately 0.5 to 2 milliamperes 
depending upon the type of display. 

The potentials of the anode, grid, and 
filament are crucial in the operation of the 
fluorescent display. The potential of the 
filament in the fluorescent display must be 
directly related to both the grid and anode 
voltages because the filament is acting 
both as a heater and as the cathode of the 
display. The potential at which the 
electrons are emitted from the cathode or 
filament, therefore, is critical in deter- 
mining whether or not those electrons are 
accelerated toward the phosphor-coated 
anode. 

Advantages of fluorescent display 
systems include low power, low cost, ease 
of multiplexing, and ease of interfacing to 
integrated circuits. A disadvantage is that 
they are more fragile than many other 
forms of display because they require an 
evacuated envelope. 

A typical circuit for driving a 
fluorescent display is given in Fig. 16. The 
display segments are connected to the 
anodes of the display device and can be 
driven directly from any COS/MOS High- 
Voltage B-Series Integrated Circuit at 
about 20 volts. In many instances, 
however, the control logic for the in- 
formation being displayed is operating at a 
voltage lower than the 20-volt display 
supply. In these cases, the CD40109B 
Quad Low-to-High Voltage Level Shifter 
can be used to interface the device. 

In a multiplexed system, the grid or 
cathode of the fluorescent display device 
operates in a manner equivalent to the 
digit drive on LED devices. A typical grid 
voltage value necessary to activate the 
display is 10 volts. If a system is operating 
below 10 volts, it may be necessary to shift 
the voltage levels of both the segment and 
the digit information. 
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In an unmultiplexed system, the grid 
voltage should always be enabled to allow 
the display of the seven-segment in- 
formation. An example of such a system is 
given in Fig. 17. Because the grid voltage 
is constant and not at the control of the 
system, the only possible level shifting 
necessary would be for the segment 
display. 

Unlike the LED display, the fluorescent 
display quite often needs the level-shifting 
capability of a transistor-inductor flyback 
circuit to achieve the high potentials 
necessary for operation. Fig. 18 gives 
three typical up-converter circuits. The 
circuit of Fig. 18(a) is pulsed by Vy; thus 
causing a current flow through p This 
change in current causes an increase in the 
voltage across the inductor (Vj, = L° 
di/dt). The amount of current (i,.,, = 
Vpp/Rg) is inversely proportional to the 
value of Ro. With Ro adjustable in value, 
the output voltage can be increased by 
lowering the value of Ro or decreased by 
raising its value. Capacitor Co filters the 
voltage spikes caused by the input 
frequency, and diode Dy keeps the 
capacitor charged while the voltage spike 
from L di/dt is low. 

Fig. 18(b) differs from Fig. 18(a) in that 
it has a self-contained RCL oscillator and 
obtains its voltage increase by transformer 
action. The oscillator formed by Ro, C, 
and L drives the n-p-n bipolar devices 
forcing an ac signal across the transformer 
input windings. Because the turns ratio of 
the transformer from output to input is 
greater than one, there is an increase in 
output voltage. The transformer gives a 
more precise increase in voltage than the 
circuit in Fig. 18(a) provides. Capacitor C 
and diodes D and D7 clamp the voltage 
VOUT to the breakdown voltage of Dz 
and filter and isolate C from discharging 
during the period of low output voltage 
from the transformer. 


Fig. 18(c) is similar to Fig. 18(b) in the 
transformer action, but its input is similar 
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16 - Typical circuit for driving 


a fluorescent digital display. 


Fig. 15 - Series-type multiplexing of a one-of- 
ten gas-discharge display. 
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Fig. 17 - Example of unmultiplexed system for 


driving a fluorescent display. 
to that of Fig. 18(a) in that it is driven by 
an external input. 
Circuits similar to those in Fig. 18 can 
be used to level-shift voltages for the gas- 
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Fig. 18 - Typical up-converter circuits for 
fluorescent digital displays. 
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Fig. 19 - Circuit for interfacing a multiplexed 


incandescent-type digital display. 


discharge type of display discussed 
previously. It is necessary, however, that 
the transformer, capacitors, transistors, 
and other components be rated to 
withstand the 200-volt signals which may 
be necessary to operate the gas-discharge 
display and be capable of meeting the 
higher power requirements. 


Incandescent Displays 


One other display which has had wide 
acceptance is the incandescent display. Its 
low cost, high brightness, and ready 
availability have lead to considerable use 
of this display. Its disadvantages are its 
high power dissipation and the high 
amount of heat it generates. Typical 
power requirements are 1.5 to 5 volts at 8 
to 24 milliamperes. 


Incandescent displays are available in 
many sizes and colors. Multiplexing of the 
digits is easily accomplished by pulsing 
each segment for a given time period. The 
wattage for an incandescent lamp at the 
remains constant 
regardless of duty cycle or waveform 
shape provided that the multiplexing rate 
is faster than the thermal time constant of 
the filament. When incandescent displays 
are multiplexed, an increase in the forcing 
voltage by an amount equal to the square 
root of the number of multiplexed displays 
will maintain the same brightness on each 
display that it would have in a static 
condition. 

With incandescent displays, it is 
recommended that diodes be used in series 
with each segment to prevent erroneous 
display indication through stray electrical 
paths. Fig. 19 illustrates the interfacing of 
a multiplexed incandescent display. In 
this circuit, the CD4013 dual “D”-type 
flip-flop combines with the CD4069 


oscillator to generate the four pulse in- 


tervals needed to multiplex four digits. 
For a typical incandescent display 
requiring 4.5 volts, the voltage necessary 
for the four-digit display is 4x45 =9 
volts. The CD40107 dual NAND buf- 
fer/driver and the p-n-p transistor 40537 
assure that sufficient current is generated 
at this voltage. With a typical filament 
segment current of 50 milliamperes, the 
current sourced from transistor 40537 is 50 
x 7 or 350 milliamperes. The minimum 
beta of the 40537 is 20. Its base current, 
therefore, is given by 


Ip} = 350/20 = 17.5 mA. 


At Vpp of 12 volts and I9yT of 17.5 
mA, VourT from the CD40107B is 0.11 
volt. Then, 


Ry = (11.3 - 0.11)/17.5 = 640 ohms. 


For 50 milliamperes in each segment 
anda ~ of 40 


Ipo = 50/40 = 1.25mA 


At Vpp of 12 volts and IouT of 1.25 
mA, VoyT from the CD4511B is 11.4 
volts. Then, 


Ro = (11.4- 0.7)/1.25 = 8.56 kilohms. 


These calculations depend upon the 
current gain of each bipolar device and the 
voltage necessary on the incandescent 
display. As mentioned previously, the 
diodes in series with each display segment 
minimize the possibility of stray leakage 
currents. Use of the blanking input of the 
CD4511 assures that if the oscillator were 
to cease to function for any reason, the 
indexed digit and segments would not be. 
destroyed by the static voltage and current 
applied to the display. 


Simplified Design of Astable RC Oscillators 
Using the CD4060B or Two CMOS Inverters 


D. Rodman 


Application Notes are available that 
deal with theoretical approaches to 
oscillator design; this Note stresses prac- 
tical aspects of design and provides easy- 
to-use algebraic equations that permit 
values of R and C for a given oscillator fre- 
quency to be quickly determined. 


Astable Design Approach 

The most basic RC oscillator circuit is 
that shown in Fig. 1. The time period T for 
one cycle of this oscillator is given by the 
equation: 


eee VDD—VTR | VTR 
=- n ————_ + In —— 1 
VDD VDD () 


where: 


supply voltage 
transfer voltage 


VDD 
VTR 


By letting VTR =0.5 Vpp, equation 1 can 
be simplified to: 


T = —RC (In 0.5 + In 0.5) 
T = 1.39RC (2) 


The problem with this circuit is that 
transfer voltage can vary from 33 to 67 
percent of Vpp. Therefore, the maximum 
variation in the time period, T, can be as 
high as 9 percent, with a +33 percent 
variation in transfer voltage from unit to 
unit. 
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Fig. 1 - The most basic RC oscillator circuit. 


An improvement to this basic circuit 
can be made by adding resistor Rs, as 
shown in Fig. 2. The resistor makes the 
frequency independent of supply-voltage 
variations and reduces the time-period 
variations to less than 5 percent with 
variations in transfer voitage. 

Rs should be-10 times the value of Rx. If 
Rs is made less than 10 Rx, the variation 
in period T increases to about 10 percent 
as the value of Rs approaches zero.! If Rs 
is made too large, a time constant and 
phase shift is produced by Rs and stray 
wiring and breadboard capacitance. This 
shift creates a switching delay in the cir- 
cuit which changes the time period. 


Rs Cy 


OUTPUT 
92CS-32504 
Fig. 2 - An improved oscillator circuit made 


by adding resistor Rg to the circuit of 
Fig. 1, 


ie time period T for the circuit in Fig. 2 


is 
VTR 
T= —RyCy] In ——__ 
VpD+VTR 
, VpD-VTR 
+14 ——_—_—_- 
3 
2VpD-VTR 8) 


If VTR=0.5 Vpp, equation 3 can be 
simplified to: 


1 
T 


—RxCx (In ¥% + In ¥%) 
2.2 RxCx (4) 


Equation 4 will only be true in the 
CD4060B for values of R greater than 50 
kilohms and for values of C greater than 
1000 picofarads. At values of C less than 
1000 picofarads, stray capacitance will 
have a much greater effect on the entire 
system. 


It is advised that a buffer circuit, Fig. 3, 
be added to the circuit of Fig. 2to prevent 
the jitter that would otherwise be in- 
troduced into the circuit by noise picked 
up by connecting cables and by stray 
wiring and breadboard capacitance. The 
buffer circuit is not needed with the 
CD4060B since it has an internal buffer 
and is internally connected to a counter. 


Rs Cx 


OUTPUT ' 
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Fig. 3 - A buffer circuit used to improve the 
performance of the circuit of Fig. 2. 
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Compensation for 50-Percent Duty Cycle 


A true square-wave pulse is obtained 
only when the transfer voltage occurs at 
the 50-percent point. If the transfer 
voltage is at either 33 or 67 percent, the 
duty cycle will not be 50 percent. The duty 
cycle can be controlled, however, if part 
of the resistance of the RC time constant 
: shunted out with a diode, as shown in 

ig. 4. 


S92CS -32507 


Fig. 4 - Method of controlling the duty cycle 
of the RC oscillator. 


Because adjustment of this diode 
shunt to obtain a specific pulse factor 
causes the frequency of the circuit to 
stray, a frequency control, R1, is added. 
This circuit Is not needed when using the 
CD4060B since It Is used In conjunction 
with a counter. A 50-percent duty cycle 
will be derived from the divider/counter 
outputs. 
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Parallel Clocking of Sequential 


CMOS Devices 


T. Chesney 
R. Funk 


It is a well-established fact that process 
variations lead to different input MOS- 
transistor thresholds, and that these 
differences directly affect the clock input 
trigger voltage of sequential CMOS logic 
circuits. Fig. 1(a) illustrates a cascade of 
two different sequential CMOS devices (D- 
type flip-flops, type CD4013) that causes a 
logic error when data is transferred from 
IC to !Cg. In this example, the same clock 
transition triggers IC, at its trigger voltage 
of Vta and |Cp at a voltage of Vtg. As 
shown in Fig. 1(b), the propagation of data 
from the output stage of IC q to the input of 
ICg is faster than the clock transition time 
from Vt, to Vrg. Hence, ICB responds to 
the wrong logic state, and its output goes 
low when it should stay high. 


The solution to this logic-error condition is 
a clock transition time that is fast enough 
compared to the propagation delay for a 
worst-case Vr,a and Vtg combination to 
assure that logic-state errors will not occur. 


Parallel Clocking Limits 

A study of the parallel clocking condition 
for any combination of two different 
sequential devices has resulted in the 
development of equations for modeling the 
maximum permitted clock input rise time, 


tRCL 
For A-series devices: 


0.8Vpp(V) 
tRcoL (max) ae x tp (ns) 


For B-series devices: 
0.8V V 

tRoL(max) = “T15 x tp (ns) 
The factor tp is equivalent to toy, Or tpy Hp, 
whichever is smaller, for |Ca,Fig. 1. The 
typical value at a specified value of Vpp is 
selected at the loading condition shown on 
the device data sheet. The factor 0.8 Vpp 
specifies tao, for a rise or fall time of from 
10 to 90 percent. The voltages in the 
denominator (1.25V for A-series types and 


1.15V for B-series types), are the expected 
deviations in clock input transfer voltages. 


Tables | and II list the maximum clock rise 
times permitted when cascading CD4000A 
and CD4000B-series types, respectively. 


The maximum values of tao, are 
applicable when sequentially cascading 
identical or dissimilar IC types when ICa 
(see Fig. 1) is the type listed in the “Type” 
column in the table. However, some 
restrictions apply; namely both IC, and 
ICgp must accept positive or negative 
(CD4006 type) clock pulses, and the logic 
combination of IC~j and ICg must be 
meaningful. The connections assumed are 
primarily of the parallel-clocked shift 
register or counter type. 
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The tao, limits shown in Tables | and Il are 
less than those shown on_ individual 
CD4000-series data sheets; the data sheet 
limits are for individual IC operation, not 
cascaded operation. Recommended 
operating-temperature ranges remain as 
shown in the data sheets for cascaded as 
well as individual device operation. 


TABLE | — Maximum Clock Rise Time 
When Cascading CD4000A Types! 


Type Rise Time (us) Vpp (V) 
CD4006A2 i‘ ~SSCSNCS 
CD4013A 0.48 5,10 
CD4014A 0.96 5 
0.64 10 
CD4015A 0.96 5 
0.64 10 
CD4018A AZ 5 
0.80 10 
CD4021A 0.96 5 
0.64 10 
CD4027A 0.48 5,10 
CD4029A 1.04 5 
0.74 10 
CD4031A 1.28 5,10 
CD4034A 1.92 5 
1.54 10 
CD4035A 0.80 5 
0.64 10 
Notes: 


1. Cy = 15 picofarads. 


2. Negative-edge-triggered device, 
cascades only with itself. 


DATA 


CLOCK \ 


Qa OUTPUT 


THLE Ae 


TABLE II — Maximum Clock Rise Time 
When Cascading CD4000B_ Types! 


Type Rise Time (us) 
CD4006B2 0.70 
CD4013B 0.45 
CD4014B 0.40 
CD4015B 0.55 
CD4021B 0.40 
CD4027B 0.45 
CD4029B 0.84 
CD4031B 0.80 
CD4034B 0.85 
CD4035B 0.70 
CD4076B 0.90 
CD4089B 0.40 
CD4094B 0.90 
CD4095B 0.70 
CD4096B 0.70 
CD4510B 0.70 
CD4516B 0.70 
CD4517B 0.84 
CD40100B 1.20 
CD40102B 0.91 
CD40103B 0.91 
CD40104B 0.70 
CD40160B 0.66 
CD40161B 0.66 
CD40162B 0.66 
CD40163B 0.66 
CD40174B 0.50 
CD40192B 0.56 
CD40193B 0.56 
CD40194B 0.70 
Notes: 


1. Vpp = 5, 15V; 
C, = 50 picofarads. 
Data does not apply to units with 
Schmitt triggers in the clock input. 


2. Negative-edge-triggered device, 
cascades only with itself. 


10) QB 


ICg 
CD4013 


—---—-—-- PROPER OUTPUT 
Qg_ OUTPUT PER. Ot 

| ACTUAL ERROR 

OUTPUT LEVEL 
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Fig.1-Parallel clocking of sequential CMOS IC's. 
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Logarithmic Units Of Measure In Telecommunications 


by Dennis Rodman 


This Application Note is an introduction to the logarithmic 
units used in the telecommunications industry. The Note 
will be useful as a learning tool for those entering the 
telecommunications industry and as a handy reference for 
experienced individuals. 


Logarithmic units are used in the telecommunications 
industry for measurements that define the functions and 
qualities of transmission circuits. Examples of 
measurements involving logarithmic units are gain, noise 
and distortion. Since common logarithms are based on 
exponents of powers of ten, the application of logarithms 
permits complex multiplication or division operations to be 
transformed into simple addition or subtraction. This 
property of logarithms is valuable in telecommunications 
because many measurements involve large numbers, and 
logarithms facilitate calculation of these numbers. 


Logarithms 


The logarithm or “log” to a given base of a positive number 
is the exponent that indicates the power to which the base 
must be raised in order to obtain the number. In the example 
23 = 8, 3 is the exponent of 2 and is also the log of 8, or in 
other words, 3 is the log to the base 2 of 8. This expression is 
written as 3 = logo 8. Base 10 is the most used system and is 
known as the “common logarithm.” In the example 102 = 
100, 2 is the log to the base 10 of 100. The subscript 10 is 
usually eliminated and the equation becomes 2 = log 100, 
with the base 10 understood. 


Decibels 


Power gains or losses are measured in decibels. The 
decibel is defined as: 


dB=10lo 
9g P| 


where Po is the output power and P the input power. 
Conversion of the power into voltage yields the equation: 


dB = 20 log 


V| 
where Vo is the output voltage and Vj the input voltage. If 
the output is greater than the input (gain), dB will always be 
a positive number. If the output is less than the input 
(attenuation), dB will always be a negative number. dB 
equals 0 when the input equals the output. 


The decibel is never an absolute measurement, but rather a 
ratio between two quantities. Thus, the gain or attenuation 
of a system can be characterized without specifying input 
or output quantities. As an example, a system that has a 
gain of 20 dB will always have a power ratio of 100; i.e., the 
output power will be 100 times greater than the input 
power. A list of ratios is given in Table I. 


Table | - Power Ratios for Various dB Values 


dB Power Ratio 
0 1 

1 1.26 

2 1.58 

3 2.00 

4 2.51 

5 3.16 

6 3.98 

7 5.01 

8 6.31 

fe) 7.94 

10 10 

15 31.6 
20 100 

25 316 

30 1000 
35 3.16 x 103 
40 104 

45 3.16 x 104 
50 109 
60 106 

70 107 
80 108 

90 109 
100 1010 


dBm 


In many instances, it is desirable to have a common 
reference power. In the telecommunications industry, the 
most common reference power is 1 milliwatt. When the 1 
milliwatt reference figure is used, the equation for decibels 
becomes: 


dBm = 10 log 


0.001 
where dBm is defined as decibels referenced to 1 milliwatt. 
As an example, a gain of 30 dBm would be equivalent to an 
Output power of 1 watt. 


When converting power into voltage in dBm, 1 milliwatt is 
always measured across 600 ohms. Then the input reference 
voltage becomes: 


P(R) = V2 
(0.001) (600) = V2 
0.775 =¥ 


Therefore, the expression for dBm when using voltage 
becomes: 


dBm = 20 log 


0.775 
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dBr 


Gain and attenuation have no significance unless a reference 
level is defined for the system. The point at which the 
reference appears is designated the “zero test-level point,” 
or 0 TLP. AO TLP is also equivalent to a 0 dBr point (dB 
relative to transmission level). dBr indicates the difference 
between the point at which a measurement is taken and an 


established zero or reference level. That is: 
measured power level 
dBr= 10 log 


reference power level 
As anexample, assume that 25 milliwatts will be used as the 
O TLP in a particular system. If a level of 10 milliwatts is 
measured, then: 0.010 


dBr = 10 log 


dBr = -4 


Thus, the 10-milliwatt signai would be at a-4 dBr point with 
reference to 25 milliwatts. 


dBmO 


When a power level measured in dBm is referred or 
measured to a0 TLP, it is converted into dBmO, where the 
“O” indicates that the measurement is referred to a point of 
zero relative level. The unit dBmO is an absolute unit of 
power indBm. dBm can be related to dBr and dBmO by the 
following equation: 


dBmO = dBm - dBr 


As an example, assume that 8 dBm will be used as the 0 TLP 
or 8 dBmO. A signal is then measured at -12 dBm. To 
calculate the dBr point, the values are substituted into the 
equation: 

dBmO = dBm - dBr 


8 =-12-dBr 
-20 = dBr 


Therefore, -12 dBm is at a-20 dBr point when 8 dBm is used 
as the 0 TLP. 


This unit, dBmO, is used extensively in telecommunications 
for recording results of such tests as gain, gain tracking, 
and frequency response. 


dBm and dBmO are generally intended as power 
measurements at a given point. However, many power 
measurements in the telecommunications industry are 
referenced to noise. The following is a discussion of these 
units. 


dBrn 


In order to develop a unit of measure for noise interference, 
both the response of the human ear and the efficiency of the 
telephone equipment used had to be considered. It was 
found that a frequency of 1000 Hz produced greater 
interference for the average listener than any other 
frequency. The designers of the early-model Western 
Electric 144 handset used this fact to produce a weighting 
curve, Fig. 1, that showed the interference effect of 
frequencies in the voice band as compared to 1000 Hz. The 
144 weighting curve shows that 500 Hz causes 15 dB less 
interference that a 1000 Hz signal of the same amplitude, 10 
dB at 600 Hz, 6 dB at 800 Hz and so on. 


-4 
: 4 56 


1000 
FREQUENCY IN HERTZ 
92CS- 34358 


Fig. 1 - Weighting curve used with Western Electric 144 handset. 


The noise-measurement referred to the 144 handset was 

the dBrn (dB referenced to noise). The reference power 

selected was 1 picowatt (10-12 watt), or -90 dBm at 1000 Hz. 

dBrn can then be expressed as: 

(noise signal) 

dBrn = 10 log —————————— 
10-12 

or 


dBrn = dBm + 90 


dBa 


Subsequent to the 144 handset, Western Electric developed 
an improved handset, the F1A. This new handset had a 
broader response than the 144, but was 5 dB less sensitive 
at 1000 Hz. Thatis, the same interfering effect was produced 
using -85 dBm with the F1A weighting as was produced 
using -90 dBm with the 144 weighting. Thus, a new noise 
unit known as dBa (decibels above reference noise, 
adjusted) was adopted. This noise unit uses a reference 
power of -85 dBm at 1000 Hz. dBa is expressed as: 


dBa = dBm + 85 


dBrnC and dBrnCo 


In the 1950’s, a third, more sensitive handset, the type 500, 
was put into service in North America. This handset 
produced yet another weighting curve called “C-message 
weighting,” Fig. 2. The C-message weighting curveis3.5dB 
more sensitive at the reference frequency than the F1A 
curve, and 1.5 dB less sensitive than the 144 weighting 
curve. However, instead of creating a new reference power 
level of -88.5 dBm, the -90 dBm level was maintained. The 
new noise unit became dBrnC (decibels above reference 
noise, C-message weighted), and can be expressed as: 
dBrnv = dBm + 90 

When noise measurements are taken with a 3000-Hz 
bandwidth (white noise), the level of interference changes. 
White noise, having a power of 0 dBm, produces an 
interference of only 82 dBa or 88 dBrnC. Therefore, the 
conversion from dBrnC to dBa is given by: 


dBrnC = dBa+6dB 


PSOPHOMETRIC 
(EUROPE } 


C- MESSAGE 


RELATIVE LEVEL, (dB) 


(NORTH AMERICA) 


FREQUENCY (Hz) 
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Fig. 2 - Comparison of psophometric with C-message weighting. 


where the conversion factor has a 5 dB difference, and 
weighting over the 3000-Hz bandwith adds 1 dB of 
difference. 


It becomes convenient at times to refer an absolute noise 
power measurement to a known noise-power level. The 
zero transmission point (0 TLP) is then used and identified 
as dBrnCO where: 


dBrnCO = dBrnC - dBr 
and 
dBrnCO = dBm + 90 - dBr 


As an example, 0 dBr is used as the reference. Noise is then 
measured at -82 dBm. To calculate the dBrnCoO, the values 
are substituted into the equation above: 


dBrnCO = dBm + 90 - dBr 
= -82+90-0 
dBrnCO = 8 


Therefore, noise at -82 dBm is equivalent to 8 dBrnCO. 
dBrnCo is used in test documentation and data sheets to 
describe idie-channel noise. It gives the advantage of the 
use of asmall positive number rather than a large negative 
number. 


Psophometric Weighting 


In Europe and other parts of the world, CCITT (International 
Telephone and Telegraph Consultative Committee) has 
established the psophometric weighting curve as the 
standard for noise measurements, Fig. 2. The referrence 
frequency used for this weighting is 800 Hz rather than the 
previously mentioned 1000 Hz. 


dBmP (dBm psophometrically weighted) is the unit of 
power in dBm measured with psophometric weighting. The 
reference level is 1 picowatt and is designated as 1 pWp 
(picowatt psophometrically weighted), which is equivalent 
to an 800-Hz signal at -90 dBm. Approximate conversions 
are as follows: 


dBrnC = 10 log pWp 


For flat noise in the 300-3400-Hz frequency range: 


dBmp = dBa - 84 
dBa= 10 log pWp - 6 
A list of dB measurements is given in Table II. 


Table Ii - dB Conversions 


Power (W) 


10 
1 
0.1 
10-2 
10-3 
104 
10-5 
10-6 
10-7 
10-8 
10-9 
10-10 
10711 
10-12 
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dBrnC dBmP 
130 40 
120 30 
110 20 
100 10 
90 0 
80 -10 
70 -20 
60 -30 
50 -40 
40 -50 
30 -60 
20 -70 
10 -80 
0 -90 
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Abstracts of Other Application Notes 


ICAN-6080 6 pages 
Digital-to-Analog Conversion Using the RCA- 
CD-4007A COS/MOS IC 

The use of the RCA-CD4007A COS/MOS 
dual complementary pair plus inverter as a 
digital-to-analog (D/A) switch is demonstrated. 
The op-amp output stage for the digital-to- 
analog converter (DAC) uses COS/MOS and 
bipolar transistor-array IC’s. Resistance networks 
for DAC’s, the design of a voltage-follower 
amplifier for single supply operation, and a 
9-bit COS/MOS DAC are described. 


ICAN-6166 ............... 16 pages 
COS/MOS MSI Counter and Register Design 
and Applications 

Logic and schematic diagrams for counter 
and register types CD4006A, CD4014A, 


CD4015A, CD4018A, CD4020A, CD4021A, 
CD4022A, and CD4024A are presented; cir- 
cuit designs are outlined and device-design 
trade-off’s are discussed. Performance criteria 
are summarized and applications by type are 
outlined by means of logic or subsystems dia- 
grams and waveforms photographs. 


TCAN-GETG 2 eis ecu weak awe ee 8 pages 
Noise Immunity of COS/MOS Integrated-Circuit 
Logic Gates 
The types of noise usually encountered in a 
logic system are discussed and the noise im- 
munity of a COS/MOS integrated-circuit logic- 
gate test circuit in relation to system variables 
is evaluated. The evaluation is performed on a 
circuit that includes a CD4000A dual 3-input 
gate plus inverter and a CD4001A quad 2-input 
_ connected in cascade to drive a CD4013A 
ip-flop. Measurement of the voltage required 
at various gate leads to switch the flip-flop 
defines the noise immunity threshold of the 
gate circuits. 


ICAN-6210 ............... 11 pages 
A Typical Data-Gathering and Processing Sys- 
tem Using CD4000A-Series COS/MOS Parts 

This Note is developed in terms of a typical 
system for process controls. The flexibility of 
system design and common data-bus architec- 
ture made possible by the three-state outputs 
and bidirectional input/outputs incorporated in 
many COS/MOS circuits are stressed, as is the 
ease of system design for data handling in 
increments of 4 bits made possible by the 
CD4000A family. The implementation of the 
system is shown in terms of the COS/MOS stand- 
ard parts that can be used to perform the 
desired system functions. Attention is focused 
on the multiplicity of applications and the 
scope of information processing that can be 
covered by standard parts. 


ICAN-G289 6c web ee de eos 12 pages 
A COS/MOS PCM Telemetry and Remote Data 
Acquisition Design 

Descriptive background material on tele- 
metry systems is given along with systems for 
both immediate and remote data conversion 
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and transmission. Parts from the CD4000 family 
are used to show how various sections of the 
system may be realized in the general case. The 
exact configuration of any specific system will, 
of course, depend on the unique requirements 
of the application. 


TCAN-GIG2 «54436 Sa-G Ge oboe 10 pages 
Using the CD4520B to Design Dividers with 
Symmetrical Outputs 

The general-purpose COS/MOS dual up- 
counter, the CD4520B, a counter that may be 
used in various counting and dividing applica- 
tions is discussed. Dividers of the form N=2i'+ 1 
and N=2! + 1 and described. Applications of 
symmetrical dividers are also discussed. 


ICAN-6374 8 pages 
The COS/MOS CD4059A Programmable Divide- 
by-N Counter in FM and Citizens-Band-Trans- 
ceiver Tuners 

The frequency synthesis. capability of the 
CD4059A programmable divide-by-N counter 
is demonstrated in applications in an FM 
digital tuner and in the digital tuner for a 
citizens-band tranceiver., The digital approach 
described in the paper allows desired frequen- 
cies to be selected by depressing numbered 
buttons on a keyboard. By using the appro- 
priate basic circuitry along with a phase-locked- 
loop circuit, the local oscillator of the receiver 
is adjusted and locked to the proper frequency, 
thus assuring proper station selection. Alternate 
methods of station selection that enhance the 
flexibility of the system are described. 
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ICAN-6498 6 pages 
Design of Fixed and Programmable Counters 
Using the RCA CD4018A COS/MOS Presettable 
Divide-by-N Counter 

The use of the CD4018A_ single-decade and 
multidecade fixed and programmable divide-by- 
N counters are described. System considerations 
such as switch simplifications, components 
minimization, and speed are also discussed. 
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ICAN-6600 6 pages 
Arithmetic Arrays Using Standard COS/MOS 
Building Blocks 

The design of a COS/MOS arithmetic unit 
capable of adding, subtracting, multiplying, and 
dividing is described. The device is also able 
to perform the logical functions of OR, AND 
and the Exclusive OR of two 4-bit words. Three 
4-bit registers are provided that permit either of 
two words to perform a desired operation with 
a third word. The system is configured with 
standard, commercially available COS/MOS 
devices, which include registers, AND-OR select 
gates, a full adder, and NOR and NAND gates. 


ICAPPGGO) 6 a-x-& «ee &.% o-oo eas 12 pages 
Transmission and Multiplexing of Analog or 
Digital Signals Utilizing the CD4016A Quad 
Bilateral Switch 

The CD4016A quad bilateral switch is the 


ideal semiconductor switch for use in switching 
applications; it can be used for the transmission 
of analog or digital signals with low distortion. 
The Note discusses features of the device; opera- 
tion of the COS/MOS switch; switch and logic 
applications, including switch and logic func- 
tions; multiplexing/demultiplexing; digital con- 
trol of signal gain, frequency, and impedance, 
including resistor networks, and variable fre- 
quency control; digital-to-analog conversion, in- 
cluding weighted resistor networks for the D/A 
converter, andam R-2R resistor ladder D/A 
converter; sample-and-hold applications; and 
squelch control (level detection). 


FCAIVGGO2. 2062s ee bos eeS 12 pages 
Interfacing COS/MOS with Other Logic Families 

The RCA CD4000A COS/MOS series circuits 
operate from power-supplies of 3 to 15 volts. 
Thus, they can drive and be driven by a num- 
ber of logic families, including all DTL and TTL 
families, within certain conditions and limita- 
tions. This Note describes the conditions of 
interface. 


TCAMPGHIO 5 4c 23¢ 44 vee % eS 15 pages 
Low-Power Digital Frequency Synthesizers Uti- 
lizing COS/MOS IC’s 

A digital frequency synthesizer that employs 
a digital phase-locked loop and other COS/MOS 
circuits is described. Following a reveiw of 
phase-locked-loop fundamentals, the use of 
COS/MOS devices in FM receiver systhesizers 
is discussed. 


TCAICOTOS <«« 2.6 e 65 6 oe. 25-6 a4 16 pages 
Battery-Powered Digital-Display Clock/Timer 
and Metering Applications Utilizing the RCA 
CD4026A and CD4033A Decode Counters — 
7 Segment Output Types 
This Note describes the CD4033A and 

CD4026A and their use with various 7-segment 
display units presently available. Interface 
packages and methods are discussed to help the 
the designer select the best system to meet his 
demands. Also included are battery-operated 
systems for digital clocks and watches. 


IGADPGT 9 (2 6.6 oe S44 48s wR 12 pages 
COS/MOS Rate Multipliers — Versatile Circuits 
for Synthesizing Digital Functions 

COS/MOS rate multipliers, the CD4527B 
and CD4089B, can be used as building blocks 
to generate a range of digital functions in 
low-power systems where minimum package 
count is desirable. The circuits may be em- 
ployed in numerical control, instrumentation, 
digital filtering, and frequency synthesis. When 
used with an up/down counter and control 
logic, they can be used to perform such opera- 
tions as multiplication, addition, subtraction, 
generation of algebraic equations and differen- 
tial equations, integration, and to raise num- 
bers to various powers. Symmetric rate multi- 
plication, the problem of eliminating round-off 
error in a direct frequency-synthesis application 
in a common-carrier multiplex system is also 
covered. 
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Tel: (313) 644-1151 


4230 LBJ at Midway Road 

Town No. Plaza, Suite 121 

Dallas, TX 75234 

Tel: (214) 661-3515 
Virginia 

RCA 

1901 N. Moore Street 

Arlington, VA 22209 


Tel: (703) 558-4161 


Alberta 
RCA Inc. 
6303 30th Street, SE, 
Calgary, Alberta T2C 1R4 
Tel: (403) 279-3384 
Quebec 
RCA Inc. 
21001 Trans-Canada Highway, 
St. Anne-de-Bellevue, 
Quebec H9X 3L3 


Tel: (514) 457-2185 


Ontario 
RCA Inc. 
| Vulcan Street, Rexdale, 
Ontario M9W IL3 


Tel: (416) 247-5491 


U.S. and Canada Europe 
US. Alabama Minnesota Belgium RCA S.A. . 
RCA RCA Mercure Centre, Rue de la 
Suite 133 6750 France Avenue, So., Suite Fusee 100, 1130 Bruxelles 
303 Williams Avenue, 122, Minneapolis, MN 55435 Tel: 02/720.89.80 
Huntsville, AL 35801 Tel: (612) 929-0676 France RCA S.A. 
Tel: (205) 533-5200 New Jersey 2-4 Avenue de L’Europe 
Arizona RCA 78140 Velizy 
RCA 1998 Springdale Road, Tel: (3) 946.56.56 
6900 E. Camelback Road, Suite Cherry Hill, NJ 08003 Germany RCA GmbH : 
460, Scottsdale, AZ 85251 Tel: (609) 338-5042 Pfingstrosenstrasse 29, 
Tel: (602) 947-7235 RCA 8000 Munchen 70 
California 67 Walnut Avenue, Clark, NJ West Germany 
RCA . 07066 Tel: 089/7143047-49 
4546 El Camino Real, Tel: (201) 574-3550 RCA GmbH 
Los Altos, CA 94022 New York Justus-von-Liebig-Ring 10 
Tel: (415) 948-8996 RCA 2085 Quickborn 
RCA 160 Perinton Hill Office Park West Germany 
4827 No. Sepulveda Blvd., Suite Fairport, NY 14450 Tel: 04106/613-0 
420, Sherman Oaks, CA 91403 Tel: (716) 223-5240 RCA GmbH 
Tel: (213) 468-4200 Ohio Ze ppelinstrasse 35, 
RCA RCA 7302 Ostfildern 4 (Kemnat) 
17731 Irvine Blvd., Suite 104 6600 Busch Blvd., Suite 110, West Germany 
Magnolia Plaza Blidg., Tustin, Columbus, OH 43229 Tel: 0711/454001-04 
CA 92680 Tel: (614) 436-0036 Italy RCA SpA 
Tel: (714) 832-5302 Tennessee Piazza San Marco | 
Colorado RCA 20121 Milano 
RCA Corp. 1!11 Northshore Drive, Tel: (02) 65.97.048-051 
6767 So. Spruce Street Northshore Center 2, Sweden RCA International LTD 
Englewood, CO 80112 Suite 405, Box 3047, Hagalundsgatan 8 
Tel: (303) 740-8441 Knoxville, TN 37919 171 03 Solna 3 
Florida Tel: (615) 588-2467 Tel: 08/83 42 25 
RCA Texas 
.K. RCA LTD 
P.O. Box 12247, Lake Park, FL RCA Center . 


Lincoln Way, Windmill Road 
Sunbury-on-Thames 
Middlesex TW16 7HW 


Tel: 093 27 85511 


Asia Pacific 


Hong Kong 


Singapore 


Taiwan 


RCA International, Ltd. 
13th Floor, Fourseas Bidg. 
208-212 Nathan Road 
Tsimshatsui, Kowloon 


Tel: 852-3-7236339 


RCA International, Ltd. 

Solid State Division, 24-15 Inter- 
national Plaza, 10 Anson Road, 
Singapore 0207 


Tel: 2224156/2224157 


RCA Corporation 

Solid State Division, 

7th Floor, 97 

Nanking East Road, Section 2 
Taipei 


Tel: (02) 521-8537 


Latin America 


Argentina 


Mexico 


Ramiro E. Podetti Reps. 
Lavalle 357 

3rd Floor, Office No. 24 
1047 Buenos Aires 


Tel: 393-3919 

RCA Solid State Limitada 

Av. Brig Faria Lima 1476 

7th Floor, Sao Paulo 01452 
Tel: 210-4033 

RCA S.A. de C.V./ 

Solid State Div., Avenida 
Cuitlahuac 2519, Apartado 
Postal 17-570, Mexico 16, D.F. 


Tel: (905) 399-7228 
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USS. ALABAMA Kierulff Electronics, Inc. Kieruilff Electronics, Inc. 


Hamilton Avnet Electronics 
4692 Commercial Drive, NW 
Huntsville, AL 35805 

Tel: (205) 837-7210 


ARIZONA 


Hamilton Avnet Electronics 
505 South Madison Drive 
Tempe, AZ 85281 

Tel: (602) 231-5100 
Kierulff Electronics, Inc. 
4134 East Wood Street 
Phoenix, AZ 85040 

Tel: (602) 243-4101 


Kierulff Electronics, Inc. 


1806 West Grant Road, Suite 102, 


Tucson, AZ 85705 
Tel: (602) 624-9986 


Sterling Electronics, Inc. 
2001 East University Drive, 
Phoenix, AZ 85034 

Tel: (602) 258-4531 


Wyle Distribution Group 
8155 North 24th Avenue 
Phoenix, AZ 85021 
Tel: (602) 249-2232 


CALIFORNIA 


Arrow Electronics, Inc. 
9511 Ridge Haven Court 
San Diego, CA 92123 
Tel: (714) 565-6928 


Arrow Electronics, Inc. 
521 Weddell Drive 
Sunnyvale, CA 94086 
Tel: (408) 745-6600 


Arrow Electronics, Iac. 
19748 Dearborn Street 
North Ridge Business Center 
Chatsworth, CA 91311 

Tel: (213) 701-7500 


Avnet Electronics 

350 McCormick Avenue 
Costa Mesa, CA 92626 
Tel: (714) 754-6051 


Avnet Electronics 

21050 Erwin Street 
Woodland Hills, CA 91367 
Tel: (213) 884-3333 


Hamilton Avnet Electronics 
3170 Pullman Street 

Costa Mesa, CA 92626 

Tel: (714) 641-4107 


Hamilton Avnet Electronics 
1175 Bordeaux Drive 
Sunnyvale, CA 94086 

Tel: (408) 743-3300 


Hamilton Avnet Electronics 
4545 Viewridge Avenue 
San Diego, CA 92123 

Tel: (714) 571-7510 


Hamilton Electro Sales 
10912 W. Washington Blvd. 
Culver City, CA 90230 

Tel: (213) 558-2121 


Hamilton Avnet Electronics 
4103 Northgate Boulevard, 
Sacramento, CA 95834 

Tel: (916) 920-3150 


2585 Commerce Way 
Los Angeles, CA 90040 
Tel: (213) 725-0325 


Kierulff Electronics, Inc. 
3969 E. Bayshore Road 
Palo Alto, CA 94303 
Tel: (415) 968-6292 


Kierulff Electronics, Inc. 
8797 Balboa Avenue 
San Diego, CA 92123 
Tel: (714) 278-2112 


Kierulff Electronics, Inc. 
14101 Franklin Avenue 
Tustin, CA 92680 

Tel: (714) 731-5711 


Schweber Electronics Corp. 
17822 Gillette Avenue 
Irvine, CA 92714 

Tel: (714) 863-0200 


Schweber Electronics Corp. 
3110 Patrick Henry Drive 
Santa Clara, CA 95050 
Tel: (408) 748-4700 


Wyle Distribution Group 
124 Maryland Avenue 

El] Segundo, CA 90245 
Tel: (213) 322-8100 


Wyle Distribution Group 
9525 Chesapeake Drive 
San Diego, CA 92123 
Tel: (714) 565-9171 


Wyle Distribution Group 
3000 Bowers Avenue 
Santa Clara, CA 95052 
Tel: (408) 727-2500 


Wyle Distribution Group 
17872 Cowan Avenue 
Irvine, CA 92714 

Tel: (714) 863-9953 


Wyle Distribution Group 
18910 Teller Avenue 
Irvine, CA 92715 

Tel: (714) 851-9958 


COLORADO 


Arrow Electronics Inc. 
1390 So. Potomac Street 
Suite 136 

Aurora, CO 80012 

Tel: (303 696-1111 


Hamilton Avnet Electronics 
8765 E. Orchard Road, Suite 
708, Englewood, CO 80111 
Tel: (303) 740-1000 

Kierulff Electronics, Inc. 
7060 So. Tucson Way 
Englewood, CO 80112 

Tel: (303) 790-4444 


Wyle Distribution Group 
451 East 124th Avenue 
Thornton, CO 80241 

Tel: (303) 457-9953 


CONNECTICUT 


Arrow Electronics, Inc. 

12 Beaumont Road 
Wallingford, CT 06492 

Tel: (203) 265-7741 
Hamilton Avnet Electronics 
Commerce Drive, Commerce 
Industnal Park, 

Danbury, CT 06810 

Tel: (203) 797-2800 


169 North Plains Industrial Road 
Wallingford, CT 06492 
Tel: (203) 265-1115 


Schweber Electronics Corp. 
Finance Drive, 

Commerce Industrial Park, 
Danbury, CT 06810 

Tel: (203) 792-3500 


FLORIDA 


Arrow Electronics, Inc. 

1001 NW 62nd Street, Suite 
108, Ft. Lauderdale, FL 33309 
Tel: (305) 776-7790 


Arrow Electronics, Inc. 
50 Woodlake Dr., West-Bldg. B 
Palm Bay, FL 32905 
Tel: (305) 725-1480 
*Chip Supply 
1607 Forsythe Road 
Orlando, FL 32807 
Tel: (305) 275-3810 


Hamilton Avnet Electronics 
6801 NW 1Sth Way 

Ft. Lauderdale, FL 33068 
Tel: (305) 971-2900 


Hamilton Avnet Electronics 
3197 Tech Drive, No. 

St. Petersburg, FL 33702 
Tel: (813) 576-3930 


Kierulff Electronics, Inc. 
3247 Tech Drive 

St. Petersburg, FL 33702 
Tel: (813) 576-1966 
Milgray Electronics, Inc. 
1850 Lee World Center 
Suite 104 

Winter Park, FL 32789 
Tel: (305) 647-5747 
Schweber Electronics Corp. 
2830 North 28th Terrace 
Hollywood, FL 33020 
Tel: (305) 927-0511 


GEORGIA 


Arrow Electronics, Inc. 
2979 Pacific Drive 
Norcross, GA 30071 
Tel: (404) 449-8252 


Hamilton Avnet Electronics 
5825D Peach Tree Corners 
Norcross, GA 30092 

Tel: (404) 447-7503 


Schweber Electronics Corp. 
303 Research Drive 

Suite 210 

Norcross, GA 30092 

Tel: (404) 449-9170 


ILLINOIS 


Arrow Electronics, Inc. 
2000 Algonquin Road 
Schaumburg, IL 60193 
Tel: (312) 397-3440 


Hamilton Avnet Electronics 
1130 Thorndale Avenue 
Bensenville, IL 60106 

Tel: (312) 860-7700 


*Chip distributor only. 
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U.S. ILLINOIS 
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Kierulff Electronics, Inc. 
1536 Landmeier Road 

Elk Grove Village, IL 60007 
Tel: (312) 640-0200 


Newark Electronics 

$00 North Pulaski Road 
Chicago, IL 60624 

Tel: (312) 638-4411 


Schweber Electronics Corp. 
904 Cambridge Drive 

Elk Grove Village, IL 60007 
Tel: (312) 364-3750 


INDIANA 


Arrow Electronics, Inc. 
2718 Rand Road 
Indianapolis, IN 46241 
Tel: (317) 243-9353 


Graham Electronics Supply, 
Inc. 

133 S. Pennsylvania Street 
Indianapolis, IN 46204 

Tel: (317) 634-8202 


Hamilton Avnet Electronics, 
Inc. 

485 Gradle Drive 

Carmel, IN 46032 

Tel: (317) 844-9333 


KANSAS 


Hamilton Avnet Electronics 
9219 Quivira Road 
Overland Park, KS 66215 
Tel: (913) 888-8900 


Milgray Electronics, Inc. 
6901 W. 63rd Street 
Overland Park, KS 66215 
Tel: (913) 236-8800 


LOUISIANA 


Sterling Electronics, Inc. 
3005 Harvard St., Suite 101 
Metairie, LA 70002 

Tel: (504) 887-7610 


MARYLAND 


Arrow Electronics, Inc. 
4801 Benson Avenue 
Baltimore, MD 21227 

Tel: (301) 247-5200 
Hamilton Avnet Electronics 
6822 Oakhill Lane 
Columbia, MD 21045 

Tel: (301) 995-3500 


Pyttronic Industries, Inc. 


Baltimore/ Washington Ind.Pk. 


8220 Wellmoor Court 
Savage, MD 20863 
Tel: (301) 792-0780 


Schweber Electronics Corp. 
9218 Gaithers Road 
Gaithersburg, MD 20877 
Tel: (301) 840-5900 


Zebra Electronics, Inc. 
2400 York Road 
Timonium, MD 21093 
Tel: (301) 252-6576 


MASSACHUSETTS 


Arrow Electronics, Inc. 
Arrow Drive 


“Woburn, MA 01801 


Tel: (617) 933-8130 


Hamilton Avnet Electronics 
50 Tower Office Park 
Woburn, MA 01801 

Tel: (617) 935-9700 


*Hybrid Components Inc. 


140 Elliot Street 
Beverly, MA 01915 
Tel: (617) 927-5820 


Kierulff Electronics, Inc. 
13 Fortune Drive 
Billerica, MA 01821 

Tel: (617) 667-8331 


A. W. Mayer Co. 
34 Linnell Circle 
Billerica, MA 01821 
Tel: (617) 229-2255 


Schweber Electronics Corp. 
25 Wiggins Avenue 
Bedford, MA 01730 
Tel: (617) 275-5100 


*Sertech 

One Peabody Street 
Salem, MA 01970 
Tel: (617) 745-2450 


Sterling Electronics, Inc. 
411 Waverly Oaks Road 
Waltham, MA 02154 
Tel: (617) 894-6200 


MICHIGAN 


Arrow Electronics, Inc. 
3810 Varsity Drive 
Ann Arbor, MI 48104 
Tel: (313) 971-8220 


Hamilton Avnet Electronics 
2215 29th Street 

Grand Rapids, MI 49503 
Tel: (616) 243-8805 


Hamilton Avnet Electronics 
32487 Schoolcraft Road 
Livonia, MI 48150 

Tel: (313) 522-4700 


Schweber Electronics Corp. 
12060 Hubbard Avenue 
Livonia, MI 48150 

Tel: (313) 525-8100 


MINNESOTA 


Arrow Electronics, Inc. 
5230 West 73rd Street 
Edina, MN 55435 

Tel: (612) 830-1800 


Hamilton Avnet Electronics 
10300 Bren Road, East 
Minnetonka, MN 55343 
Tel: (612) 932-0600 
Kierulff Electronics, Inc. 
7667 Cahill Road 

Edina, MN 55435 

Tel: (612) 941-7500 


Schweber Electronics Corp. 


7422 Washington Avenue, So. 


Eden Prairie, MN 55344 
Tel: (612) 941-5280 


MISSOURI 


Arrow Electronics, Inc. 
2380 Schuetz Road 

St. Louis, MO 63141 
Tel: (314) 567-6888 


*Chip distributor only. 


Hamilton Avnet Electronics 
13743 Shoreline Court East 
Earth City, MO 63045 

Tel: (314) 344-1200 
Kierulff Electronics, Inc. 
2608 Metro Park Boulevard 
Maryland Heights, MO 63043 
Tel: (314) 739-0855 


NEW HAMPSHIRE 


Arrow Electronics, Inc. 
One Perimeter Drive 
Manchester, NH 03103 
Tel: (603) 668-6968 


NEW JERSEY 


Arrow Electronics, Inc. 
Pleasant Valley Avenue 
Moorestown, NJ 08057 
Tel: (609) 235-1900 
Arrow Electronics, Inc. 
Two Industrial Road 
Fairfield, NJ 07006 
Tel: (201) 575-5300. 


Hamilton Avnet Electronics 
Ten Industrial Road 
Fairfield, NJ 07006 

Tel: (201) 575-3390 


Hamilton Avnet Electronics 
One Keystone Avenue 
Cherry Hill, NJ 08003 

Tel: (609) 424-0110 


Kierulff Electronics, Inc. 
37 Kulick Road 
Fairfield, NJ 07006 

Tel: (201) 575-6750 


Schweber Electronics Corp. 
18 Madison Road 
Fairfield, NJ 07006 

Tel: (201) 227-7880 


NEW MEXICO 


Arrow Electronics, Inc. 
2460 Alamo, SE 
Albuquerque, NM 87106 
Tel: (505) 243-4566 


Hamilton Avnet Electronics 
2524 Baylor S.E. 
Albuquerque, NM 87106 
Tel: (505) 765-1500 
Sterling Electronics, Inc. 
3540 Pan American 
Freeway, N.E. 
Albuquerque, NM 87107 
Tel: (505) 884-1900 


NEW YORK 


Arrow Electronics, Inc. 

20 Oser Avenue 
Hauppauge, L.I., NY 11788 
Tel: (516) 231-1000 


Arrow Electronics, Inc. 
7705 Maltlage Drive 
Liverpool, NY 13088 
Tel: (315) 652-1000 


Arrow Electronics, Inc. 
25 Hub Drive 

Melville, LI, NY 11747 
Tel: (516) 391-1640 


Arrow Electronics, Inc. 
3000 South Winton Road 
Rochester, NY 14623 
Tel: (716) 275-0300 


RCA Authorized Distributors 
U.S. and Canada (Cont'd) 


US. NEW YORK Schweber Electronics Corp. 


Hamilton Avnet Electronics 
Five Hub Drive 

Melville, L.I., NY 11746 
Tel: (516) 454-6000 


Hamilton Avnet Electronics 
333 Metro Park 

Rochester, NY 14623 

Tel: (716) 475-9130 


Hamilton Avnet Electronics 
16 Corporate Circle 

East Syracuse, NY 13057 
Tel: (315) 437-2641 


Milgray Electronics, Inc. 
191 Hanse Avenue 
Freeport, L.I., NY 11520 
Tel: (516) 546-5600 


Schweber Electronics Corp. 
Three Townline Circle 
Rochester, NY 14623 

Tel: (716) 424-2222 


Schweber Electronics Corp. 
Jericho Turnpike 
Westbury, L.I., NY 11590 
Tel: (516) 334-7474 


Summit Distributors, Inc. 
916 Main Street 

Buffalo, NY 14202 

Tel: (716) 884-3450 


NORTH CAROLINA 


Arrow Electronics, Inc. 
5240 Greensdairy Road 
Raleigh, NC 27604 
Tel: (919) 876-3132 


Hamilton Avnet Electronics 
3510 Spring Forest Road 
Raleigh, NC 27604 

Tel: (919) 878-0810 


Kierulff Electronics Inc. 

1 North Commerce Center 
5249 North Boulevard 
Raleigh, NC 27604 

Tel: (919) 872-8410 


Schweber Electronics Corp. 
5285 North Boulevard 
Raleigh, NC 27604 

Tel: (919) 876-0000 


OHIO 


Arrow Electronics, Inc. 
7620 McEwen Road 
Centerville, OH 45459 
Tel: (513) 435-5563 


Arrow Electronics, Inc. 
6238 Cochran Road 
Solon, OH 44139 

Tel: (216) 248-3990 


Hamilton Avnet Electronics, 
Inc. 


4588 Emery Industrial Parkway 


Cleveland, OH 44128 
Tel: (216) 831-3500 


Hamilton Avnet Electronics 
954 Senate Drive 

Dayton, OH 45459 

Tel: (513) 433-0610 


Hughes-Peters, Inc. 

481 East Eleventh Avenue 
Columbus, OH 43211 

Tel: (614) 294-5351 


Kierulff Electronics, Inc. 
23060 Miles Road 
Cleveland, OH 44128 
Tel: (216) 587-6558 


23880 Commerce Park Road 
Beachwood, OH 44122 
Tel: (216) 464-2970 


OKLAHOMA 


Kierulff Electronics, Inc. 
Metro Park 12318 East 60th 
Tulsa, OK 74145 

Tel: (918) 252-7537 


OREGON 


Hamilton Avnet Electronics 
6024 S.W. Jean Road, 
Bldg. B-Suite J, 

Lake Oswego, OR 97034 
Tel: (503) 635-8157 


Wyle Distribution Group 

5289 N.E. Ezram Young Parkway 
Hillsboro, OR 97123 

Tel: (503) 640-6000 


PENNSYLVANIA 


Arrow Electronics, Inc. 
650 Seco Road 
Monroeville, PA 15146 
Tel: (412) 856-7000 


Herbach & Rademan, Inc. 
401 East Erie Avenue 
Philadelphia, PA 19134 
Tel: (215) 426-1700 


Schweber Electronics Corp. 
231 Gibralter Road 
Horsham, PA 19044 

Tel: (215) 441-0600 


TEXAS 


Arrow Electronics, Inc. 
13715 Gamma Road 
Dallas, TX 75240 

Tel: (214) 386-7500 


Arrow Electronics, Inc. 

10899 Kinghurst Dr., Suite 100 
Houston, TX 77099 

Tel: (713) 530-4700 


Hamilton Avnet Electronics 
2401 Rutland Drive 

Austin, TX 78758 

Tel: (512) 837-8911 


Hamilton Avnet Electronics 
2111 West Walrut Hill Lane 
Irving, TX 75060 

Tel: (214) 659-4111 


Hamilton Avnet Electronics 
8750 Westpark 

Houston, TX 77063 

Tel: (713) 975-3515 


Kierulff Electronics, Inc. 

3007 Longhorn Blvd., Suite 105 
Austin, TX 78758 

Tel: (512) 835-2090 


Kierulff Electronics, Inc. 
9610 Skillman Avenue 
Dallas, TX 75243 

Tel: (214) 343-2400 


Kierulff Electronics, Inc. 

10415 Landsbury Drive, Suite 210 
Houston, TX 77099 

Tel: (713) 530-7030 


Schweber Electronics Corp. 
4202 Beltway, 

Dallas, TX 75234 

Tel: (214) 661-5010 


Schweber Electronics Corp. 
10625 Richmond Ste. 100 
Houston, TX 77042 

Tel: (713) 784-3600 


Sterling Electronics, Inc. 
2335A Kramer Lane, Suite A 
Austin, TX 78758 

Tel: (512) 836-1341 


Sterling Electronics, Inc. 
11090 Stemmons Freeway 
Stemmons at Southwell 
Dallas, TX 75229 

Tel: (214) 243-1600 
Sterling Electronics, Inc. 
4201 Southwest Freeway 
Houston, TX 77027 

Tel: (713) 627-9800 


UTAH 


Hamilton Avnet Electronics 
1585 West 2100 South 

Salt Lake City, UT 84119 
Tel: (801) 972-2800 
Kierulff Electronics, Inc. 
2121 S. 3600 West Street 
Salt Lake City, UT 84119 
Tel: (801) 973-6913 


Wyle Distribution Group 
1959 South 4130 West Unit B 
Salt Lake City, UT 84104 
Tel: (801) 974-9953 


WASHINGTON 


Arrow Electronics, Inc. 
14320 N.E. 21st Street 
Bellevue, WA 98005 
Tel: (206) 643-4800 


Hamilton Avnet Electronics 
14212 N.E. 21st Street 
Bellevue, WA 98005 

Tel: (206) 453-5874 


Kierulff Electronics, Inc. 
1005 Andover Park E. 
Tukwila, WA 98188 

Tel: (206) 575-4420 


Priebe Electronics 
2211 Fifth Avenue 
Seattle, WA 98121 
Tel: (206) 682-8242 


Wyle Distribution Group 
1750 132nd Avenue, N.E. 
Bellevue, WA 98005 
Tel: (206) 453-8300 


WISCONSIN 


Arrow Electronics, Inc. 
430 West Rawson Avenue 
Oak Creek, WI 53154 
Tel: (414) 764-6600 


Hamilton Avnet Electronics 
2975 South Moorland Road 
New Berlin, WI 53151 

Tel: (414) 784-4510 


Kierulff Electronics, Inc. 
2236G West Bluemond Road 
Waukesha, WI 53186 

Tel: (414) 784-8160 


Taylor Electric Company 
1000 W. Donges Bay Road 
Mequon, WI 53092 

Tel: (414) 241-4321 


Alberta 


Hamilton Avnet Elec. 

2816 21st St. N.E., Calgary 
Alberta, T2E 6Z2 

Tel: (403) 230-3586 
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Canada 


L. A. Varah, Ltd. 


6420 6A Street SE, 


Calgary, Alberta T2H ZB7 
Tel: (403) 255-9550 


British Columbia 


L. A. Varah, Ltd. 

2077 Alberta Street, 
Vancouver, B.C. VS5SY 1C4 
Tel: (604) 873-3211 


R.A.E. Industrial Electronics, 
Ltd. 

3455 Gardner Court, Burnaby, 
B.C. VSG 4J7 

Tel: (604) 291-8866 


Manitoba 


L. A. Varah, Ltd. 

#12 1832 King Edward Street 
Winnipeg, Manitoba R2R ON1 
Tel: (204) 633-6190 


Ontario 


Europe, Middle East, and Africa 


Austria 


Belgium 


Denmark 


Egypt 


Ethiopia 


Finland 


France 


Germany 
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Bacher Elektronische Gerate 
GmbH 

Rotenmuhlgasse 26, 

A-1120 Vienna 

Tel: 0222/8356460 


Inelco Belgium S.A. 

Avenue des Croix de Guerre 94 
1120 Bruxelles 

Tel: 02/216.01.60 


Tage Olsen A/S 
P.O. Box 225 

DK - 2750 Ballerup 
Tel: 02/65 81 11 


Sakrco Enterprises 

P.O. Box 1133, 

37 Kasr El Nil Street, Apt. 5 
Cairo 

Tel: 744440 


General Trading Agency 
P.O. Box 1684 

Addis Ababa 

Tel: 132718 137275 


Telercas OY 

P.O. Box 33 

SF - 04201 Kerava 
Tel: 0/248.055 


Almex S.A. 

48, rue de l’Aubepine, 
F - 92160 - Antony 
Tel: (1) 666 21 12 


Radio Equipments 
Antares S.A. 

9, rue Ernest Cognacq, 

F - 92301 - Levallois Perret 
Tel: (1) 758 11 11 


Tekelec Airtronic S.A. 

Cite des Bruyeres, 

Rue Carle Vernet, 

F - 92310 - Sevres 

Tel: (1) 534.75.35 

Alfred Neye Enatechnik GmbH 
Schillerstrasse 14, 

2085 Quickborn 

West Germany 

Tel: 04106/6121 


Greece 


Holland 


Hungary 


Iceland 


Cesco Electronics Ltd. 

24 Martin Ross Road 
Downsview, Ontario M3J 2K9 
Tel: (416) 661-0220 


Electro Sonic, Inc. 

1100 Gordon Baker Road 
Willowdale, Ontario M2H 3B3 
Tel: (416) 494-1666 ; 


Hamilton Avnet (Canada) Ltd. 
6845 Rexwood Drive 

Units 3,4,5 

Mississauga, Ontario L4V 1M5 
Tel: (416) 677-7432 


Hamilton Avnet (Canada) Ltd. 
210 Colonnade Street 

Nepean, Ontario K2E 7L5 

Tel: (613) 226-1700 


ECS Hilmar Frehsdorf GmbH 
Electronic Components Service 
Carl-Zeiss Strasse 3 

2085 Quickborn 

West Germany 

Tel: 04106/71058-59 


Beck GmbH & Co. 
Elektronik Bauelemente KG 
Eltersdorfer Strasse 7, 

8500 Numberg 15 

West Germany 

Tel: 0911/34961-66 


Elkose GmbH 
Bahnhofstrasse 44, 
7141 Moglingen 
West Germany 
Tel: 07141/4871 


Sasco GmbH 
Hermann-Oberth-Strasse 16 
8011 Putzbrunn bei Munchen 
West Germany 

Tel: 089/46111 


Spoerle Electronic KG 
Max-Planck Strasse 1-3, 
6072 Dreieich bei Frankfurt 
West Germany 

Tel: 06103/3041 

Semicon Co. 

104 Aeolou Str. 

TT.131 Athens 

Tel: 3253626 


Vekano BV 

Postbus 6115, 

N - 5600 HC Eindhoven 
Tel: (40) 81 09 75 


Hungagent 

P.O. Box 542 

H-1374 Budapest 

Tel: 01/669-385 

Georg Amundason 

P.O. Box 698, Reykjavik 
Tel: 81180 


Aviv Electronics 

Kehilat Venezia Street 12 
69010 Tel-Aviv 

Tel: 03-494450 


Italy 


Spain 


Kuwait 


Morocco 


Norway 


Portugal 


South Africa 


L. A. Varah, Ltd. 

505 Kenara Avenue, Hamilton, 
Ontario L8E 1J8 

Tel: (416) 561-9311 


Quebec 
Cesco Electronics, Ltd. 
4050 Jean Talon Street, West 
Montreal, Quebec H4P 1 W1 
Tel: (514) 735-5511 


Hamilton Avnet (Canada) Ltd. 
2670 Sabourin Street, St. 
Laurent, Quebec H4S 1M2 
Tel: (514) 331-6443 


DEDO Elettronica SpA 
Strada Statale 16 Km 403-550 
64019 Tortoreto Lido (Te) 
Tel: 0861/78.67.46-48 


Eledra 3S SpA 
Viale Elvezia 18, 
] - 20154, Milano 
Tel: (02) 349751 


IDAC Elettronica SpA 
Via Verona 8, 

] - 35010 Busa di Vigonza 
Tel: (049) 72.56.99 


LASI Elettronica SpA 
Viale Lombardia 6, 

I - 20092 Cinisello 
Balsamo (MI) 

Tel: (02) 61.20.441-5 


Silverstar Ltd. 

Via dei Gracchi 20, 
I - 20146 Milano 
Tel: (02) 49.96 


Morad Yousuf Behbehani 
P.O, Box 146 
Kuwait 


Societe d’Equipement Mecanique 
et Electrique s.a. (S.E.M.E.) 

rue Ibn Batouta 29 

Casablanca 

Tel: (212) 22.08.65 


National Elektro A/S 
Ulvenveien 75, P.O. Box 53 
Okern, Oslo 5 

Tel: (472) 64 49 70 


Telectra Sarl 

Rua Rodrigo da Fonseca, 103 
Lisbon | 

Tel: 68.60.72-75 


Allied Electronic 
Components (PTY) Ltd. 
P.O. Box 6387 
Dunswart 1508 

Tel: (011) 528-661 
Kontron S.A. 
Salvatierra 4, 

Madrid 34 

Tel: 1/729.11.55 


RCA Authorized Distributors 
Europe, Middle East, and Africa(Cont’d) 


Spain 


Sweden 


Switzerland 


Turkey 


Novolectric 
Villaroel, 40, 
Barcelona 11 
Tel: 254.18.07-98 


Ferner Electronics AB 
Snormakarvagen 35, 

P.O. Box 125, 

S-161 26 Bromma Stockholm 
Tel: 08/80 25 40 


Baerlocher AG 
Forrlibuckstrasse 110 

8005 Zurich 

Tel: (01) 42.99.00 

Teknim Company Ltd. 
Riza Sah Pehlevi Caddesi 7 


Kavaklidere Ankara 
Tel: 27.58.00 


Asia Pacific 


Australia 


Bangladesh 


Hong Kong 


India 


AWA Microelectronics 
348 Victoria Road 
Rydalmere N.S.W. 2116 


Amtron Tyree Pty. Ltd. 
176 Botany Street, Waterloo, 
N.S.W. 2017 


Electronic Engineers & 
Consultants Ltd. 

103 Elephant Road, Ist Floor 
Dacca 5 


Gibb Livingston & Co., Ltd. 
77 Leighton Road 

Leighton Centre 

P.O. Box 55 


Hong Kong Electronic 
Components Co. 

Flat A Yun Kai Bldg. |/ Fl 
466-472 Nathan Road 
Kowloon 


Photophone Ltd. 

179-5 Second Cross Road 
Lower Palace Orchards 
Bangalore 560 003 


Latin America 


Argentina 


Brazil 


Eneka S.A.I.C.F.I. 
Tucuman 299, 
1049 Buenos Aires 
Tel: 31-3363 


Radiocom S.A. 
Conesa 1003, 
1426 Buenos Aires 
Tel: 551-2780 


Tecnos S.R.L. 
Independencia 1861 
1225 Buenos Aires 
Tel: 37-0239 


Commercial Bezerra Ltda. 
Rua Costa Azevedo, 139, 

CEP-69.000 Manaus/ AM 
Tel: (092) 232-5363 


U.K. 


Indonesia 


Japan 


Korea 


Nepal 


New 
Zealand 


Philippines 


Chile 


ACCESS Electronic Components 
Ltd. 

Austin House, Bridge Street 
Hitchin, Hertfordshire SGS 2DE 
Tel: Hitchin (0462) 31 221 


Gothic Crellon Electronics Ltd. 
380 Bath Road, Slough, 

Berks, SLI 6JE 

Tel: Burnham (06286) 4434 


Jermyn Distribution 

Vestry Industrial Estate 
Sevenoaks, Kent 

Tel: Sevenoaks (0732) 450144 


Macro Marketing Ltd. 
Burnham Lane, 

Slough, Berkshire SLI 6LN 
Tel: Burnham (06286) 4422 


NVPD Soedarpo Corp. 
Samudera Indonesia Building 
JL Letten, Jen. S 

Parman No. 35 Slipi 

Jakarta Barat 


Okura & Company Ltd. 
3-6 Ginza, Nichome, Chuo-Ku 
Tokyo 104 


Panwest Company, Ltd. 

C.P.O. Box 3358 

Room 603, Sam Duk Building 
131 Da-Dong, Chung-Ku 
Seoul, Republic of South Korea 


Continental Commercial 
Distributors 

Durbar Marg. 
Kathmandu 

AWA NZ Ltd. 

N.Z. P.O. Box 50-248 
Porirua 


Philippine Electronics Inc. 
P.O. Box 498 

3rd Floor, Rose 

Industnal Bldg., 1! Pioneer St. 
Pasig, Metro Manila 


Panamericana Comercial 
Importadora Ltda. 

Rua Aurora, 263, 

01209, Sao Paulo, SP 
Tel: (011) 222-3211 


Raylex Ltda. 

Av Providencia 1244, 
Depto.D, 3er Piso 
Casilla 13373, Santiago 
Tel: 749835 


Industria de Radio y 
Television S.A. (IRT) 
Vic. MacKenna 3333 
Casilla 170-D, Santiago 
Tel: 561667 


Yugoslavia 


Zambia 


Zimbabwe 


Singapore 


Sri Lanka 


Taiwan 


Thailand 


Colombia 


Costa Rica 


Dominican 
Republic 


STC Electronic Services 
Edinburgh Way, Harlow 
Essex, CM20 2DF 

Tel: Harlow (0279) 26777 


VSI Electronics (U.K.) Ltd. 
Roydonbury Industrial Park 
Horsecroft Road, Harlow 
Essex CM19 5 BY 

Tel: Harlow (0279) 29666 


Avtotehna 

P.O. Box 593, Celovska 175 
Ljubljana 61000 

Tel: 552 341 


African Technical Associates Ltd. 
Stand 5196 Luanshya Road 
Lusaka 


BAK Electrical Holdings (Pvt) Ltd. 
P.O. Box 2780 
Salisbury 


Semitronics Philippines 
216 Ortego Street 
San Juan 3134, Metro Manila 


Device Electronics Pte. Ltd. 
101 Kitchener Road No. 02-04 
Singapore 0820 

Microtronics Asso. Pte. Ltd. 
Block 1003, Unit 35B 
Aljunied Avenue 5 

Singapore 1438 


C.W. Mackie & Co. Ltd. 
36 D.R. Wijewardena Mawatha 
Colombo 10 


Delta Engineering Ltd. 
No. 42 Hsu Chang Street 
8th Floor, Taipei 


Multitech International Corp. 
No. 977 Min Shen East Road 
Taipei 

Anglo Thai Engineering Ltd. 
2160 Ramkambaeng Road 
Highway Hua Mark, Bangkok 


Better Pro Co. Ltd. 
71 Chakkawat Road 
Wat Tuk, Bangkok 


Miguel Antonio Pena Pena 
Y Cia. S. En C. 

Carrera 12 #1906 

Bogota 


Electronica Moderna 
Carrera 9A, NRO 19-52 
Apartado Aereo 5361 
Bogota, D.E.1 


J. G. Valldeperas, S.A. 
Calle 1, Avenidas 1-3, 
Apartado Postal 3923 

San Jose 

Tel: 32-36-14 

Humberto Garcia, C. por A. 
El] Conde 366 

Apartado de Correos 771 
Santo Domingo 

Tel: 682-3645 
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RCA Authorized Distributors 
Latin America (Cont'd) 


Elecom, S.A. 
Padre Solano 202-OF. 8, 
P.O. Box 9611, Guayaquil 


Radio Electrica, S.A. 
4A Avenida Sur Nb. 228 
San Salvador 

Tel: 21-5609 


Radio Parts, S.A. 

2A C. O. No. 319 Postal la 
Dalia, P.O. Box 1262 

San Salvador 

Tel: 21-3019 


Electronics Guatemalteca 
13 Calle 5-59, Zona | 
P.O. Box 514 

Guatemala City 

Tel: 25-649 
Tele-Equipos, S.A. 

10A Calle 5-40, Zona | 
Apartado Postal 1798 
Guatemala City 

Tel: 29-805 


Societe Haitienne 
D’Automobiles, S.A. 
P.O. Box 428, 
Port-Au-Prince 

Tel: 2-2347 


Francisco J. Yones 

3A Avenida S.O. 5 

San Pedro Sula, 

Honduras, Central America 
Tel: 52-00-10 


Ecuador Mexico 


El Salvador 


Guatemala 


Netherland 
Antilles 


Nicaragua 


Haiti 


Panama 


Honduras Paraguay 


Peru 


Electronica Remberg, S.A. Surinam 
de C.V. 

Republica del Salvador No. 

30-102, Mexico City |, D.F. 


Tel: 510-47-49 


Mexicana de Bulbos, S.A. 
Michoacan No. 30 
Mexico I1, D.F. 

Tel: 564-92-33 


Partes Electronicas, S.A. 
Republica Del Salvador 30-501 
Mexico City 

Tel: (905) 585-3640 

Raytel, S.A. 

Sullivan 47 Y 49 

Mexico 4, D.F. 

Tel: 566-67-86 


El Louvre, S.A. 
P.O. Box 138, Curacao 
Tel: 54004 


Comercial F. A. Mendieta, S.A. 
Apartado Postal No. 1956 
C.S.T. 5c Al Sur 2c 1/2 Abajo 
Managua 


Trinidad 


Uruguay 


Venezuela 


Tropelco, S.A. 
Via Espana 20-18, Panama 7 
Rep. de Panama 


Compania Comercial Del 
Paraguay, S.A. 

Casilla de Correo 344 

Chile 877, Asuncion 

Arven S.A. 

PSJ Adan Mejia 103, OF. 33 


Lima I!1 
Tel: 716229 


West Indies 


Kirpalani’s Ltd. 

17-27 Maagdenstreet, 

P.O. Box 251, Paramaribo 
Tel: 71-400 


Surinam Electronics 
Keizerstreet 206 
P.O. Box 412 
Paramaribo 

Tel: 76-555 


Kirpalani’s Limited 
Kirpalani’s Komplex 
Churchill Roosevelt Highway 
San Juan, Port-of-Spain 
Tel: 638-2224/9 
American Products S.A. 
(APSA) 

Casilla de Correo 1438 
Canelones 1133 
Montevideo 

Tel: 594210 


P. Benavides, P., S.R.L. 
Residencies Camarat, Local 7 
La Candelaria, Caracas 
MAIL ADDRESS: Apartado Posta 
20.249 

San Martin, Caracas 

Tel: (58-2) 571-21-46 

Da Costa and Musson Ltda. 
Carlisle House 

Hincks Street 

P.O. Box 103 

Bridgetown, Barbados 

Tel: 608-50 


RCA Manufacturers’ Representatives - U.S. 


Alabama Kansas Lyons Corporation 
CSR Electronics Electri-Rep 4615 W. Streetsboro Road 
7272-E2 Arcadia Ci. N.W. 7070 W. 107th Street Richfield, OH 44286 
Huntsville, AL 35801 Suite 160 Tel: (216) 659-9224 


Tel: (205) 533-2444 


Arizona 
Thom Luke Sales, Inc. 
2940 North 67th Place 
Suite H 
Scottsdale, AZ 85251 
Tel: (602) 941-1901 


Overland Park, KS 66212 
Tel: (913) 649-2168 


Massachusetis 


New England Technical Sales 
(NETS) 

135 Cambridge Street 
Burlington, MA 01803 


South Carolina 
CSR Electronics 
1506 Winding Way 
So. Carolina 
Taylors, SC 29687 
Tel: (803) 292-2388 


Tel: (617) 272-0434 Texas 
California Southern States Marketing 
CK Associates Minnesota 400 E. Anderson Lane 
8333 Clairemont Mesa Blvd. Comprehensive Technical Sales Suite 218-6 
Suite 105 8053 Bloomington Freeway Austin, TX 78752 
San Diego, CA 92111 Minneapolis, MN 55420 Tel: (512) 452-9459 
Tel: (714) 279-0420 Tel: (612) 888-7011 Southern States Marketing 
9730 Townpark Drive #105 
Connecticut New Jersey Houston, TX 77036 
New England Technical Sales Astrorep, Inc. Tel: (713) 988-0991 
(NETS) 717 Convery Blvd. Southern States Marketing 
240 Pomeroy Avenue Perth Amboy, NJ 08861 1142 Rockingham 
Meriden, CT 06450 Tel: (201) 826-8050 Suite 106 
Tel: (203) 237-8827 Richardson, TX 75080 
New York Tel: (214) 238-7500 
Florida Astrorep, Inc. 
G.F. Bohman Assoc., Inc. 103 Cooper Street Utah 
130 N. Park Avenue Babylon, L.I., NY 11702 
Apopka, FL 32703 Tel: (516) 422-2500 le ae 
Tel: (305) 886-1882 Suite 350 
G.F. Bohman Assoc., Inc. North Carolina Midvale, UT 84047 
2020 W. McNab Road CSR Electronics Tel: (801) 566-3691 
Ft. Lauderdale, FL 33309 4208 Six Forks Road 
Tel: (305) 979-0008 Suite 305 Washington 
Raleigh, NC 27609 Vantage Corp. 
Georgia cl a ia 300 120th Avenue N.E. 
CSR Electronics Bldg. 7, Suite 207 
1530 Dunwoody Village Pkwy. Ohio Bellevue, WA 98005 
Suite 110 Lyons Corporation Tel: (206) 455-3460 
Atlanta, GA 30338 4812 Frederick Road 
Tel: (404) 396-3720 Suite 101 


Dayton, OH 45414 
Tel: (513) 278-0714 
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